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: WHOLE BODY COMPUTERIZED TOMOGRAPHIC SCANNER 


The new matrix improves image quality 
Up to 57,600 absorption values are now actually measured for translation into ° 
the finished ACTA-scan with the recently developed 320 matrix. 


This means a large, high-resolution display (1.5 mm) with greater clarity and 
true detail—important in extracranial scanning. 





Thoracic 320 Scan. 
(Normal Chest) 


Abdominal 320 Scan. 
“Porcelain” Gallbladder 





Multiple windows let you see more 


With the Pfizer ACTA-Scanner, multiple windows can be imposed upon 
the image, allowing tissues with great density differences to be viewed at 
the same time in a single ACTA-scan. 


This capability greatly facilitates interpretation of scans in the thoracic and 
abdominal areas. 


Same area as scanned 

at left, without imposition 
of the multiple window 
capability. 


Thoracic scan with multiple 
windows. Mass in right lung. 





And you can enlarge selected areas 


A special cursor—or movable dot—allows the operator of the ACTA-Scanner 
to enlarge selected areas of interest by a factor of 2 in diameter (4 in area). 





Pituitary Adenoma. ~ ae 
Instantaneous enlargement > 
Pituitary Adenoma of patholoaic area . 


Y, 


Marked Hydrocephalus 








Thoracic 320 Scan. 
(Normal Chest) 





Abdominal 320 Scan, 
(Barium Deposits) 


Pathology in virtually any part of the body can 
be visualized and evaluated. ° 


Pituitary Adenoma 


MEDICAL SYSTEMS, INC. 


A SUBSIDIARY OF PFIZER INC. 


a 


y WHOLE BODY, COMPUTERIZED TOMOGRAPHIC -= 
A revolutionary nn in diagnostic 


radiology maintained by an original concept 
mn, — Of service... and backed 


t by the full resources of a great 
rh (A medical organization 
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The Pfizer Medical Systems Field Engineer is an integral component 
of the ACTA-Scanner Service Program. 





Replacement parts, if needed, are 
readily available 


Årer 


Minimal patient preparation before scan Instant display following completion of scan S- 


eS. ' í : 





Automation with 
Representation 


A team of highly qualified field engineers is on 
standby duty to respond to your needs when 
necessary. 


Warranty: No charges for all parts and service 
support during normal working hours. Any 
necessary maintenance can be done at night 
or during nonpeak hours, as requested. 


Continuous inspection: Frequent visits, at 
your convenience, will be made to assure opti- 
mum performance. 





a 


~ Direct link to research and development: 

E Your representative will keep you apprised of 

Ais A the activities of the Pfizer physicists and x-ray 

: and computer experts who are dedicated to 

Field engineer provides continued updating on capabilities providing ever greater performance and more 
features on your ACTA-Scanner. 


~ 





MEDICAL SYSTEMS, INC. 


A SUBSIDIARY OF PFIZER INC. 





x1 Frequent vists by field engineer keep ACTA-Scanner at peak performance 





WHAT’S 
NOW 
SQUIBB? 


On the current nuclear medicine scene 











MINITEC® (Technetium 99m) Generator 


The Technetium 99m Generator using fission product molybdenum to produce 
technetium 99m. MINITEC is unlike any generator you've ever used—made 
small to make sense. 

Designed for easy handling 


e MINITEC has its own handle for easy lifting, easy carrying and reduced 
hand exposure 


e Weighs only 24% Ibs., less than 5" in diameter. under 8%" high 


Designed for easy elution 
e Sets up in seconds 
e Elutes in only 3 minutes after eluent vial has emptied 


Designed for safety 
e No exposed tubing when eluting 
¢ 1%" lead surrounds the MINITEC column 


e 1%" of extra lead protection from MAXI-SHIELD™. Base, cap and interlocking 
half rings easily assembled on site . . . only the cap is removed for elution. 
(You get MAXI-SHIELD free with your first MINITEC Generator purchase.) 


Designed for convenience 


e MINITEC Generator is available in 50,100, 200, 300, 400 and 500 mCi 
potencies. Delivery on Monday AM (precalibrated through Thursday) and 
Wednesday (precalibrated through Monday) provides maximum versatility 
to satisfy technetium requirements of your lab’s work load. 


g “ 1975 E. R. Squibb & Sons, Inc. H605-021 





For illustration 
purposes only. 

See brief summary for 
indications for 
technetium 99m. 









Minitec’ - 
(T echnetium 99m): 
Generator 


Minitec® (Technetium 99m) Generator provides a 
means of obtaining a sterile, non-pyrogenic supply 
of technetium 99m (*"Tc) as sodium pertechnetate 
wae F< 
Indications: Sodium pertechnetate”’Tc is indicated 
for brain imaging, thyroid imaging, salivary gland 
imaging, blood pool imaging, and placenta local- 
ization. 





Contraindications: At present, there are no known 
contraindications to the use of sodium pertechne- 
tatë "Tc. 


Warnings: Radiopharmaceuticals should be used, 
only by physicians who are qualified by specific 
training in the safe use and safe handling of radio- 
nuclides, produced by nuclear reactor or cyclotron, 
and whose experience and training have been ap- 
proved by the appropriate federal or state agency 
authorized to license the use of radionuclides. 

This radiopharmaceutical should not be admin- 
istered to women who are pregnant or who may 
become pregnant or during lactation unless the in- 
formation to be obtained outweighs the possible 
potential risks from the radiation exposure involved. 
Ideally, examinations using radiopharmaceuticals, 
especially those elective in nature, of a woman of 
childbearing capability should be performed during 
the first few (approximately 10) days following the 
onset of menses. 

Since radioactive pertechnetate is secreted in 
milk during lactation, formula-feedings should be 
substituted for breast-feedings. 


Important: Since material obtained from the gen- 
erator may be intended for intravenous adminis- 
tration, aseptic technique must be strictly observed 
in all handling. Only the eluent provided should be 
used to elute the generator. Do not administer ma- 
terial eluted from the generator if there is any 
evidence of foreign matter. 


Precautions: As in the use of any other radioactive 
material, care should be taken to insure minimum 
radiation exposure to the patient consistent with 
proper patient management and to insure minimum 
radiation exposure to occupational workers. 

At the time of administration, the solution should 
be crystal clear. 


Adverse Reactions: At present, adverse reactions 
have not been reported following the use of sodium 
pertechnetate “Tc. 

For complete prescribing information, consult 
package insert. 


How Supplied: Minitec (Technetium 99m) Gen- 
erator is available in potencies of 50, 100, 200, 
300, 400, and 500 mCi. Supplied with the generator 
are vials of eluent containing 5 ml. of a sterile, 
non-pyrogenic solution of 0.9% sodium chloride in 
water for injection. Also supplied is suitable equip- 
ment for eluting, collecting, and assaying the ° 
technetium 99m. 


Medotopes” 
n SQUIBB HOSPITAL ovsin 


E. R Squibb & Sons, Inc. 
Princeton, N.J. 08540 
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This 48-year-old gravida-1 woman has no palpable abnormalities 
in her breasts. Routine Xeroradiograph shows prominent duct 
pattern, with a faint mass-like density distorting the architectural 
pattern in the left breast. 





pie findings: 6 mm adenocarcinoma with no positive 


axillary 


ymph node involvement. 





- Should she wait 


‘until she can feel it? 


This woman is asymptomatic, yet 
she has breast cancer. 


3X magnification. 


At this time, the likelihood of 
metastatic disease is slight. Left 
undetected, however, this tiny lesion 
will develop into a palpable mass 
with the possibility of lymph node 
involvement greatly increased. 

The ten-year survival rate for 
women with localized breast cancers 
is 76 percent. When nodes are 
involved, only 36 percent survive. 

More and more physicians are 
referring high-risk female patients 
(over 35, strong family history of 
carcinoma, previous biopsy or 
mastectomy, nulliparity) for routine 
mammography. And the majority of 


~“ radiologists who are experienced i in 


mammography are finding that 
Xeroradiography, with its 
heightened local contrast and 
extraordinary soft-tissue detail, 
makes it easier to identify very 
early or occult carcinomas. 

The earlier cancer is detected, the 
greater the range of options avail- 
able to the physician and patient. 
And, needless to say, the greater the 
opportunity to save the patient's life. 

Xeroradiography is now the most 
widely used method of early detection. 

Write for information to Xerox 
Corporation, Xeroradiography 
Physician Information, P.O. Box 
5786, Pasadena, California 91107. 


CP 24.430 


XEROX 


XEROX@ is a trademark of XEROX CORPORATION. 
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DuPont consultation | 
saving $12,300 at 


Leon Love, M.D., Chairman, Radiology Department, Foster G. McGaw 
Hospital, Loyola University Medical Center, Maywood, Illinois. 
Ted Bauerle, Du Pont Senior Technical Representétive. 
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In May 1974, Ted Bauerle, Du Pont Senior have been made, according to Leon Love, M.D., 
Technical Representative, called in Jack Stevens, a Chairman of the Department. 
-Du Pont Medical X-ray Specialist, to consult with A second Repeat Analysis showed only 702 
the radiological staff at Loyola. discarded films. Projecting these figures annually, 
Jack and Don Falduto, Chief Technologist, the Department realized a $12,300 savin gs from 
conducted a Repeat Analysis of 2,301 discarded the 69% reduction in repeats. 
films, classifying them by cause for rejection. Savings like these are typical of the results 
Then, based on Du Pont recommendations, which can be achieved when Du Pont works with a 
the Radiology Department instituted corrective Radiology Department to increase efficiency and 
programs to reduce repeats. improve radiographic quality. ae 


After just one year, significant improvements In the words of Marianne Troy, R.T., Adminis- 


helped reduce repeats 69%, | 
Loyola University Medical Center. 








trative Assistant for Radiology, “Du Pont was the 


catalyst in making us aware of our repeat problems Personal Involvement: 

and what corrective action might be taken. h k li ‘ 
A “As aresult of our own programs, we now tne ey to extra qua ity In 

have repeats at a controllable level. Our next goal is e 2 

to strive for even better performance and radiologic systems, 


. radiographic quality.” 
It’s all part of Du Pont’s commitment: personal 
involvement and quality in everything we do and 
` sellto provide reduced operating costs and better 
‘patient care. REG US par atm OFF ` 


SILVER 


IS OUR ONLY BUSINESS 


(and has been since 1937) 


IF YOU PROCESS... 
X-RAY FILM 


OUR TOTAL SILVER 
RECOVERY SERVICE 


MEANS MONEY 
TO YOUR 
DEPARTMENT. 
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We Purchase 


* Outdated or damaged 
unexposed x-ray film 


* Exposed x-ray film 


* Silver chip, flake 
and sludge 
Write or call for full information 
CALL TOLL FREE 
(800) 323-4503 


Ill residents call (312) 473-4800 
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INTEGRITY LEADERSHIP 


INC. 


A subsidiary of AgMet, Inc. 
2730 Commonwealth 
North Chicago, Illinois 60064 
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Automated “Tc Unit-Dose Delivery System 


Systematically safer. 





Organ-specific agents for optimum imaging of 
brain, kidney, bone and lung, and for glomeru- 
lar filtration rate studies, are provided in kits 
containing 10 unit-dose vials. Each kit is single 
step, requiring only addition of technetium to 
Produce the scanning agent. 





Preselected amount of 99™Tc activity is auto- 
matically dispensed into vial, then diluted with 
saline to 1.3 ml. Entire dispense/dilute cycle is 
automatic and shielded, and is completed 
within 75 seconds. 





Unit-dose vial is entered only once for tech- 
netium delivery, once for agent withdrawal. 
Shielded syringe assembly automatically cen- 
ters disposable syringe with vial. A 1.0-ml pa- 
tient injection is reproducibly withdrawn into 
syringe. 





Dispenser fully automates isotope measure- 
ment, reagent transfer and dose calibration. 
Eliminates time-consuming manual steps, com- 
putations and potential radiation exposure. 


UNION 
CARBIDE 





The CiINTICHEM System, a total unit- 
dose "Tc delivery system... 

O Simelifies radionuclide delivery 

O Improves dosage accuracy and 
reprcducibility 

O Redtges radiation burden 

O Permits precise, contaminant-free 
admmistration of agents 

O Rede ces labor and cost per test 

O Simrclifies record keeping and 
calculations 

The CINTICHEM System includes: an 
automaed technetium dispenser, a 
high-yield molybdenum 99/technetium 
99m generator, organ-specific kits and 
a unique unit-dose shielded syringe 
assemtly. All integrated for the prep- 
aration of sterile, pyrogen-free radio- 
diagnostic agents— precisely, reliably 
and with greatly reduced radiation 
burdenrto the user. 

The CINTICHEM Dispenser automati- 
cally delivers a preselected amount of 
ƏmTe activity (TcO;z in saline) into a 
single-use unit-dose vial. Vial contents 


POWER 


are transferred to a disposable syringe 
via a shielded syringe assembly that 
permits reproducible withdrawal of a 
0-m! patient dose. 

The CINTICHEM Generator is an opti- 
mized, advanced-technology “Tc 
generator. It offers exceptionally high 
yields and is available in 500-, 1,000-, 
1,500- and 2,000-mCi sizes. (Sodium 
pertechnetate °°"Tc in isotonic saline.) 

A series of organ-specific CINTICHEM 
Agents incorporates optimum current 
formulations for organ specificity. Each 
kit contains 10 unit-dose vials. (Kits 
containing five multidose vials are also 
available.) Each kit is single step. Re- 
quires only the addition of technetium 
to produce the imaging agent. And the 
CINTICHEM Dispenser performs this 
step automatically. 


Kits currently available include: DTPA 


(diethylene triamine pentaacetic acid 
[calcium trisodium salt]). For brain and 
kidney imaging, and glomerular filtra- 
tion rate (GFR) studies. Unit dose con- 


START 





tains 3.3 mg CaNa, DTPA, 0.17 mg 
SnCl-2H20, pH adjusted to 4 with HCI. 
HEDSPA (1-hydroxy-ethylidene-1,1 di- 
sodium phosphonate). For bone imag- 
ing. Unit dose contains 0.75 mg 
HEDSPA, 0.08 mg stannous ion as tar- 
trate, pH adjusted to 4 with HCI. MAA 
(macroaggregated albumin). For lung 
perfusion studies. Unit dose contains 
0.11 mg MAA (0.3-1.3 x 108 particles), 
0.09 mg stannous tartrate, isotonic 
saline. HCI and NaOH may be present 
for pH adjustment. Additional radio- 
pharmaceuticals will also be offered. 

Let us send detailed data on the 
CINTICHEM System. Simply return the 
coupon and we'll come back with a 
glimpse into the future. 


CintiChem 


Systematically safer. 


: Union Carbide Corporation 

- Clinical Diagnostics 

. 401 Theodore Fremd Avenue 
. Rye, New York 10580 


- O Send brochure on the 
CINTICHEM System. 

‘ DO Have field representative call : 
for an appointment. ; 


_ Name 

. (Please print) 

' Title 

- Institution 

- Address 

. City State Zip ; 
. Telephone 


(Area code and number) 
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Clinical Diagnostics 


(BISACODYL TANNEX) 


Clysodrast 


The safe and certain 
barium additive 


Helps you 
be sure of 
what you see 





Clysodrast is a unique colonic evacuant. It mixes with 
barium enemas to give radiologists the only form of tannic 
acid* available for safe, high-resolution barium enema 
studies. And a growing body of experimental evidence has 
shown the diagnostic benefits of Clysodrast added to a 
barium suspension.'2:3 This combination provides 
unmatched mucosal visualization for superior 
roentgenologic diagnoses. 


SAFETY YOU CAN COUNT ON 

Only tannic acid really prepares the colon and produces 
the even, thin-film deposition of barium sulfate that a 
radiologist needs for maximum clarity. Clysodrast combines 
tannic acid with the contact laxative bisacodyl, for optimum 
effectiveness. And Clysodrast comes in accurately measured, 
2.5 Gm. packets to avoid the danger of accidental overdose. 
With Clysodrast, results are consistently safe and uniform, 
too. No patient has ever suffered hepatic necrosis as a 
result of Clysodrast being used within the dosage limits 
indicated in the instructions..56 And it has been used in 

well over 2 million barium enema procedures since 1970 
alone, usually with no more side effects than a water enema 
produces.’ ® 


Clysodrast is recommended for double contrast studies 

with an appropriate form of barium sulfate, such as Barotrast® 
It is also indicated for the preparation of patients for radio- 
logic examinations of the colon, sigmoidoscopy and 
proctologic examinations, when used as directed. 


USE CLYSODRAST, FOR SURE 

Clysodrast provides radiologists with the assurance of high 
resolution barium studies no other product can provide. Find 
out for yourself how Clysodrast can help you see for sure. 
Contact your local X-ray supplies dealer. 


See summary of prescribing information on adjoining page. 


‘Bisacodyl tannex 


Also see your X-ray supplies dealer for Oratrast; Barotrast’ and Esophotrast: 


INDICATIONS: CLYSODRAST (bisacody! tannex) may be 
indicated for the preparation of patients for radiologic examina- 
tions of the colon, sigmoidoscopy and proctologic examinations. 


CONTRAINDICATIONS: CLYSODRAST isgcontraindicated in 
patients under the age of 10 because the possibility of absorp- 
tion of tannic acid has not been adequately studied in this age 
group to warrant a conclusion of safety. CLYSODRAST is also 
contraindicated in cases with known or suspected extensive 
ulcerative lesions of the colon. 


WARNING: Usage in Pregnancy. Safe use of O8YSODRAST has 
not been established with respect to the adverse effects upon 
fetal development. Therefore, it should not be used in women 
of child-bearing potential, particularly during early pregnancy, 
except where, in the judgment of the physician, the potential 
benefits outweigh the possible hazards. 


PRECAUTIONS: Tannic acid, one of the active ingredients of 
CLYSODRAST, is hepatotoxic if absorbed in sufficient quantity. 
Deaths have been reported from hepatic damage due to tannic 
acid used in barium enema examination. Thus, CLYSODRAST 
should be used with caution in a regimen where multiple 
enemas are administered. Certain patients, because of age, 
debility, or underlying disease, require more gentle preparation 
than the routine castor oil and CLYSODRAST preparation. It is 
important that the instructions for preparation and administration 
be followed in detail, and that the recommended dosages not 
be exceeded. 

ADVERSE REACTIONS: The following adverse reactions have 
been reported: Cramping, weakness, nausea and fainting. 


DOSAGE AND ADMINISTRATION: It is important that the 
entire medical history and condition of the patient be considered 
in deciding the dosage regimen. Traumatizing procedures, such 
as repetition of enemas (with or without CLYSODRAST) should 
be kept at the minimum necessary to achieve the desired result. 
CLEANSING ENEMA: Prepare the cleansing enema by dissolv- 
ingrthe contents of one packet (2.5 Gm.) of CLYSODRAST in 

one liter of lukewarm water and administer. 


BARIUM ENEMA: Prepare the barium enema by dissolving 
the contents of one or not more than two packets (2.5 Gm. or 
5.0 Gm.) of CLYSODRAST in one liter of barium suspension. 

i more than one liter of barium suspension is prepared, it is 
important that the concentration of CLYSODRAST (bisacody| 
tannex) never exceed 0.5 percent (2 packets per liter). 

The total dosage of CLYSODRAST for any one complete 
colonic examination, including the cleansing enema, should not 
exceed 7.5 Gm. (3 packets). No more than 10 Gm. (4 packets) 
of CLYSODRAST should be administered to any individual within 
a £2-hour period. 

HOW SUPPLIED: CLYSODRAST is supplied in packets con- 
taining 1.5 mg. of 4,4’—(diacetoxydiphenyl)—(pyridy!-2)— 
methane coinplexed with 2.5 Gm. of tannic acid, N.F. These 
packets are supplied in cartons of 25 and 50 packets. 
CAUTION: U.S. Federal law prohibits dispensing without 
prescription. 


A Colonic Evacuant 


* Clysodrast 





bisacodyl tannex) 
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CHARLES C THOMAS e PUBLISHER 


HEALTH PROTECTION OF RADIATION 
WORKERS by W. Daggett Norwood, Hanford 
Environmental Health Foundation, Richland, , 
Washington. Using simple terms, this volume’ 
provides basic facts on ionizing radiation, its 
measurement and dosimetry. Acute and chronic, 
somatic and genetic effects are discussed with 
emphasis on prevention. Radiation protection 
standards and regulations are outlined, and meth- 
ods for maintaining these standards are de- 
scribed. Diagnosis and treatment of radiation 
injury from external radiation and/or internally 
deposited radionuclides are considered generally 
as well as specifically for each radioisotope. The 
medical supervision of radiation workers, radia- 
tion accidents, atomic power plants and medico- 
legal problems are also covered. 75, 468 pp., 16 
il., 16 tables, $27.50 


ROENTGEN EXAMINATIONS IN ACUTE AB- 
DOMINAL DISEASES (3rd Ed.) by J. Frimann- 
Dahl, Ulleval Hospital, Oslo, Norway. This new 
Third Edition is completely revised with 133 new 
black and white illustrations and two new color 
illustrations. Written for radiologists and students 
in diagnostic radiology, this book also serves as a 
guide and support for surgeons in the important 
and difficult field of emergency medicine. This 
book is principally concerned with roentgen anat- 
omy of the abdomen and unusual or normal varia- 
tions. The diagnosis of the most important acute 
abdominal diseases is also covered, including lesion 
diagnosis on plain films and lesions observable by 
repeat examinations. ’74, 632 pp., 614 il. (4 in 
color), $29.50 


BRONCHIAL CARCINOMA by Thomas W. 
Shields, Northwestern Univ. Medical School, Chi- 
cago. Sections on Immunologic Features and Im- 
munotherapy by Roy E. Ritts, Jr. In this mono- 
graph, the incidence and etiology of the disease are 
discussed and the pathologic, clinical and roent- 
genographic features of these tumors are pre- 
sented. Appropriate diagnostic studies are empha- 
sized to classify the extent of the patient’s disease. 
The indications and contraindications of surgical 
resection, radiation therapy, chemotherapy and 
immunotherapy are outlined. ’74, 200 pp., 48 il., 
22 tables, $12.75 


Prepaid orders sent postpaid, on appro val 


301-327 EAST LAWRENCE 


SPRINGFIELD: ILLINOIS -62717 





This volume is aimed at elucidating 
and teaching the complexities of the 
vertebral angiogram to the student, 
based on a thorough knowledge of the 
normal vascular anatomy. A series of 
colored line diagrams depicting the 
pathology in a didactic manner is utilized 
together with a readable and detailed 
text. 


CONTENTS: Historical Aspects of Ver- 
tebral Angiography. Techniques of Verte- 


Angiography of Posterior Fossa Tumors 
by SAMUEL M. WOLPERT, M.B.B.Ch., D.M.R.D. 


bral Angiography. Clinical and Patholog- 
ical Aspects of Posterior Fossa Tumors, 
by Bennett M. Stein, M.D.C.M., F.A.C.S. 
Normal Angiographic Anatomy of Pos- 
terior Fogsa. Prepontine and Cerebel- 
lopontine Angle Tumors. Pontine and 
Mesencephalic Tumors. Fourth Ventri- 
cle Tumors. Vermian and Hemispheric 
Tumors. Differential Diagnosis of Pos- 
terior Fossa Tumors. 

1976, 208 pp., 167 illus. (7 in color), 
$23.50/£12.20 ISBN 0-8089-0924-x 


SECOND EDITION 


Clinical Scintillation Imaging 
edited by LEONARD M. FREEMAN and PHILIP M. JOHNSON 


CONTENTS: Fundamental Considera- 
tions: B. Cassen, The Evolution of Scin- 
tillation Imaging. J. G. McAfee and G. 
Subramanian, Radioactive Agents for 
Imaging. R. N. Beck, Instrumentation 
and Information Portrayal. G. V.. Taplin 
et al., The Scintillation Image. M. D. 
Blaufox and E. S. Himelstein, Dynamic 
Function: Rapid-Sequence Imaging. 
P. N. Goodwin, Radiation Safety for Pa- 
tient and Personnel. Clinical Considera- 
tions: F. J. Bonte and J. P. Kriss, Car- 
diovascular Imaging. R. A. Holmes and 
E. V. Staab, The Central Nervous Sys- 


CONTENTS: M. C. Ziskin, Basic Princi- 
ples. M. C. Ziskin, Instrumentation. B. B. 
Goldberg, Head and Neck. B. B. Gold- 
berg, Chest. M. N. Kotler, Echocardi- 
ography: Valves, Chambers, and Pericar- 
dium. M. N. Kotler, Echocardiography: 
Valves, Chambers, and Cogenital Heart 
Disease. B. B. Goldberg, Abdominal 


tem. L. M. Freeman, The Kidney. P. M. 
Johnson, The Liver. G. L. DeNardo and 
S. J. DeNardo, The Lung. R. E. O'Mara 
and N. D. Charkes, The Osseous Sys- 
tem. T. P. Hyanie Ill and A. Miale, Jr., 
The Pancreas. S. M. Larsen and W. B. 
Nelp, The Placenta. P. M. Johnson and 
R. P. Spencer, The Spleen. H. L. Atkins, 
The Thyroid. F. S. Mishkin and L. M. 
Freeman, Progress in Scintillation Im- 
aging. P. B. Hoffer and A. Gottschalk, 
Prospective. 

1975, 848 pp., 300 illus., $55.00/£27.50 
ISBN 0-8089-0859-6 


Diagnostic Use of Ultrasound 
by BARRY B. GOLDBERG, MORRIS N. KOTLER, MARVIN C. ZISKIN, and ROBERT D. WAXHAM 


Ultrasonography: Retroperitoneal Struc- 
tures. B. B. Goldberg, Abdominal Ultra- 
sonography: Intraperitoneal Structures. 
B. B. Goldberg, Gynecology. B. B. Gold- 
berg, Obstetrics. R. D. Waxham, Doppler 
Ultrasound. 


1975, 480 pp., illus., $30.00/£15.00 
ISBN 0-8089-0879-0 


N.B.: Postage plus 50¢ handling charge on all orders not accompanied by payment. 


Prices are subject to change without notice. 


GRUNE & STRATTON 


A Subsidiary of Harcourt Brace Jovanovich, Publishers 


111 FIFTH AVENUE, NEW YORK, N. Y. 10003 
24-28 OVAL ROAD, LONDON NW1 7DX 





RAPID AND CLEAR 
VISUALIZATION 


with 


; ® 


ORAGRAFIN 


IPODATE 
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®© Visualization of the ducts occurs in 1 
to 3 hours and of the gallbladder within 
5 hours or less with Oragrafin Calcium 
Grant les (Calcium lIpodate for Oral 
Suspension N.F.). 


e The gallbladder is opacified approxi- 
mately 10 hours after ingestion of 
Oragrafin Sodium Capsules (Sodium Ipo- 
date Capsules N.F.). : 


e Rapt absorption often permits visual- 
ization of even poorly functioning 
gallbladders. An unprepared patient can 
_ be studied the same day. 


e When patients cannot take capsules, 
the granules are a convenient, palatable 
alternative. 


e Both salts are usually well tolerated. 
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« CALCIUM GRANULES 


Calcium lpodate for 
Orcl Suspension N.F. 


Dosage Schedules 


FOR ROUTINE OVERNIGHT PROCEDURES . 
Sodium Ipodate Capsules and/or Calcium Ipodate for Oral 
Suspension s 5 


Gallbladder Films of the 
Films Gallbladder and 
Biliary Ducts 


6 Capsules OR 1 packet of 6 Capsu'es (or 

(or 12 Granules 1 packet of 

Capsules) (or 2 packets) Granules, if 
preferred) and 


next morn- 1 packet of 
ing, 8 A.M. Granules 


9 A.M. Visualization Visualization Visualization of 
of gallbladder of gallbladder ducts and 
gallbladder 


FOR RAPID, SAME-DAY PROCEDURES 
Calcium Ipodate for Oral Suspension 


1PM Visualization of gallbladder 


See next page for complete prescribing information. 
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Calcium Ipodate for Oral Suspension N.F. 


DESCRIPTION 
Oragrafin Calcium Granules (Calcium Ipodate 
for Oral Suspension N.F.) and Oragrafin Sodium 
Capsules (Sodium Ipodate Capsules N.F.) are 
Oral radiopaque media for cholangiography and 
cholecystography. Calcium ipodate is available 
in single-dose foil packets providing 3 g. 
calcium ipodate as granules dispersed in 
flavored sucrose. When mixed with water, the 
granules produce a pleasantly-flavored 
suspension. Sodium ipodate is available in 
capsules providing 500 mg. sodium ipodate per 
Capsule. 

The organically bound iodine content of 
calcium ipodate and sodium ipodate is 61.7% 
and 61.4%, respectively. 


ACTIONS 

Calcium ipodate and sodium ipodate are 
absorbed from the gastrointestinal tract, 
excreted by the liver into the bile, and stored 
and concentrated in the gallbladder. The 
calcium salt, which is absorbed somewhat faster 
than the sodium salt, appears in the ducts as 
early as 30 minutes after ingestion. Optimal 
concentration of either salt in the hepatic and 
biliary ducts occurs within 1 to 3 hours after 
ingestion in nearly all cases; rarely, maximal 
opacification may be delayed for as much as 5 
hours. Adequate opacification of the ducts 
usually persists for about 45 minutes. The ducts 
may be visualized in patients who have 
undergone cholecystectomy. 

The gallbladder is optimally opacified 
approximately 10 hours after ingestion of either 
salt. Diagnostically adequate filling, however, 
often takes place within 5 hours or less after 
ingestion, particularly with the calcium salt. 
Thus, studies of ducts and gallbladder may be 
Carried out in as little as 5 hours when 
necessary or desirable. In this connection, it 
should be pointed out that both salts have been 
administered to unprepared patients as well as 
to previously prepared patients, with no 
significant difference in results. 


INDICATIONS 

Calcium ipodate and sodium ipodate are 
indicated for cholecystography. They may also 
be used for cholangiography, although they are 
not considered the drugs of choice. 


CONTRAINDICATIONS 
Both preparations are contraindicated in 
persons who are hypersensitive to ipodate salts. 


WARNINGS 

A history of sensitivity to iodine per se or to 
other iodinated compounds is not an absolute 
contraindication to the use of these 
preparations, but calls for extreme caution in 
administration. 


Usage in Pregnancy 

The safety of these preparations for use during 
pregnancy has not been established; therefore, 
they should be used in pregnant patients only 
when, in the judgment of the physician, their use 
is deemed essential to the welfare of the patient. 


PRECAUTIONS 

Increasing the dosage above that 
recommended increases the possibility of 
hypotension. 

Anuria may result when these preparations 
are administered to patients with combined 
renal and hepatic disease or severe renal 
impairment. 

Renal toxicity has been reported in a few 
Ratients with liver dysfunction who were given 
oral cholecystographic agents followed by 
urographic agents. Administration of urographic 
agents should therefore be postponed in any 
patient with a known or suspected hepatic or 
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biliary disorder who has recently taken a 
cholecystographic contrast agent. 

Gastrointestinal disorders which interfere with 
absorption and liver disorders which interfere 
with excretion may result in non-visualization of 
the hepatic and biliary ducts and the 
gallbladder. 

Contrast agents may interfere with some 
chemical determinations made on urine ® 
specimens; therefore, urine should be collected 
before administrati®n of the contrast media or 
two or more days afterwards. 

Thyroid function tests, if indicated, should be 
performed prior to the administration of these 
preparations since iodine containing contrast 
agents may alter the results of these tests. 


ADVERSE REACTIONS 
Sodium ipodate and calcium ipodate are usually 
well tolerated. Unwanted effects such as mild 
and transient nausea, vomiting, or diarrhea 
sometimes occur but the incidence can be 
reduced by restricting the dosage to 3 g. and 
administering only the Granules to patients who 
may be prone to gastrointestinal reactions. 
Headache, dysuria, or abdominal pains may 
occur infrequently as transient disturbances. 
Hypersensitivity reactions may include 
urticaria, serum sickness-like reactions (fever, 
rash, arthralgia), other skin rashes, and, rarely, 
anaphylactoid shock. They are more likely to 
occur in individuals with a history of allergy, 
asthma, hay fever, or urticaria, and in those who 
have previously demonstrated hypersensitivity 
to iodine compounds. 


DOSAGE AND ADMINISTRATION 

The Capsules should be taken with as little 
water as possible. They may be swallowed in 
rapid succession or slowly over the course of 1⁄2 
hour or more, depending on patient preference. 

The Granules should be stirred vigorously into 
a small amount of water (4 glass or less) and 
swallowed immediately. If lukewarm rather than 
cold water is used, the patient will find the 
Suspension quite palatable and there will be less 
likelihood of nausea. 

A total dose of 6 g. (12 Capsules or 2 packets 
of Granules) per 24 hour period should not be 
exceeded. 

When an upper gastrointestinal barium study 
is scheduled, prior administration of either salt 
will not interfere. Either salt may also be used in 
conjunction with an intravenous 
cholangiographic agent. 

The recommended dosage and patient 
preparation for cholangiography and/or 
cholecystography are as follows: 


Routine Cholecystography 

On the day before the examination, the patient 
may, if feasible, eat a high-fat lunch so that the 
gallbladder will evacuate and refill with opacified 
bile. The evening meal, which should be light 
and fat-free, should be eaten 2 hours before the 
contrast medium is taken. The contrast agent 
should be administered 10 to 12 hours before 
the roentgenologic examination. The usual dose 
is 6 Capsules (providing 3 g. sodium ipodate), 
although up to 12 Capsules may be given; 1 to 2 
packets of Granules may be used instead. No 
other food or drink except small amounts of 
water should be taken before the examination. A 
mild laxative or other cathartic may be given, 

but is not generally necessary. 

Roentgenologic examination of the 
gallbladder is performed the next morning in the 
usual manner, employing the standard 
positions. An immediate study of the wet films 
will determine any need for repositioning of the 
patient. Administration of a fat meal or other 
cholecystokinetic agent provides good dynamic 
Studies of gallbladder function. If a barium meal 
examination is also to be performed, the fat 
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meal may be given simultaneously with or 
following the barium meal. Gallbladder function 
Studies are then made after the barium meal 
examination is completed. 


Cholangiography 

No prior preparation of the patient is necessary. 
For this procedure, the Granules should be 
used. They are administered one hour before 
cholangiography. Although only one packet 
(providing 3 g. calcium ipodate) may suffice, two 
packets (6 g.) are usually necessary for ¢ 
visualization of the ducts. 

Beginning one hour after ingestion of the 
Granules, and at 15-minute intervals thereafter, 
films should be taken, preferably with the aid of 
tomography or laminography. With proper 
positioning of the patient, residual contrast 
medium in the gastrointestinal tract is not likely 
to be a problem, particularly with the more 
rapidly absorbed calcium salt. Optimal 
visualizetion of the ducts is generally achieved 
between 1⁄2 and 2⁄2 hours after ingestion of the 
medium 


Combined Cholangiography and 
Cholecystography 

Preparation of the patient and administration of 
dosage should be as outlined under Routine 
Cholecystography, with a dosage of 6 Capsules 
or, if preferred, one packet of Granules taken on 
the evening before examination. On the 
following morning, one hour before the 
examination, one additional packet of Granules 
should be administered. 

Beginning one hour after the morning dose, 
and at 15-minute intervals thereafter, films 
should be made, preferably with the use of 
tomography or laminography. While the 
gallbladcer will have concentrated the evening 
dose of the medium, the additional morning 
dose will provide opacification of the ducts, and 
simultaneous visualization may be achieved. 
When satisfactory films have been obtained, a 
fat meal may be administered to provide 
gallbladder function studies. 


Rapid Combined Cholangiography and 
Cholecystography 

No prior preparation of the patient is necessary. 
On the day of examination, the patient should be 
given two packets of Granules. Beginning one 
hour later, examination of the ducts should be 
performed as described under 
Cholangiography. If the gallbladder has not 
opacified sufficiently by the time the 
cholangiographic examination is completed, 
further cholecystograms may be taken after 2 or 
3 hours. Dynamic studies of gallbladder function 
may be carried out in the usual manner. 


HOW SUPPLIED 

Oragrafin Calcium Granules (Calcium Ipodate 
for Oral Suspension N.F.), single-dose foil 
packets; boxes of 25 packets (3 g. calcium 
ipodate per packet). Oragrafin Sodium Capsules 
(Sodium lpodate Capsules N.F.), boxes of 25 
vials (6 capsules each vial); bottles of 100: and 
Unimatic” single-dose packages of 100. 
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VIRUS DISEASES OF BONE. DO THEY EXIST?* 
THE NEUHAUSER LECTURE 


By FREDERIC N. SILVERMAN, M.D.+ 


CINCINNATI, OHIO 


HIS is a very personal experience. 

The invitation to give the Neuhauser 
Lecture of the Society for Pediatric Radi- 
ology is one that I received with consid- 
erable ambivalence. On the one hand, my 
warmth of feeling for our Society and our 
first President welcomed the opportunity 
for expression; on the other, the responsi- 
bility of linking a presentation of my com- 
position with names so deservedly pres- 
tigious was disconcerting. What could I 
offer that might justify my acceptance of 
this responsibility? This certainly was not 
the time to indulge my fascination with the 
esoterica of skeletal dysplasias. A review of 
Dr. Neuhauser’s Curriculum Vitae and 
extensive bibliography finally gave me some 
direction. 

Many of you may not know that Dr. 
Neuhauser was well on the way to become 
an orthopedic surgeon before he responded 
to the allure of Pediatric Radiology. So 
it seemed appropriate to explore some 
subject related to the skeletal system, 
even though Dr. Neuhauser himself seemed 
to avoid it in his own writings. He waited 
until his eleventh publication to establish 
his mastery in this field, writing a classic 
article on progressive diaphyseal dys- 
plasia® which subsequently was recognized 


as Engelmann disease, and currently, 
craniodiaphyseal dysplasia. But Dr. Neu- 
hauser’s interests lay in other areas of eso- 
terica. I refer particularly to his scholarly 
investigation, with his colleagues, of an 
unusual pulmonary disease which he desig- 
nated as lycoperdonosis, after the causal 
agent, Lycoperdon pyriforme or Lycoperdon 
gemmatum, also known as the common 
puffball."° Since I have no expertise to 
explore the culinary art in which Dr. Neu- 
hauser’s erudition was also displayed in 
this fascinating contribution, I thought it 
would be appropriate to combine a con- 
sideration of bone disease with unusual 
causal agents, and the subject of viral 
disease of bone immediately came to mind. 
However, like the preparation of mush- 
rooms described by Dr. Neuhauser,!!° this 
is another subject about which I knew 
nothing. So, with a trust, hopefully justi- 
fied, in the tolerant attitude of the mem- 
bers of the Society for Pediatric Radiology 
toward exploration of uncertain areas of 
medical interest, I elected to learn about 
viral diseases of bone, if they exist, and to 
share what I learned with you. Let me 
emphasize at the onset that my literature 
search had to be limited both by time and 
by my blind gropings as a non-virologist in 


* Presented at the Eighteenth Annual Meeting of the Society for Pediatric Radiology, Atlanta, Georgia, September 28-29, 1975. 
From the Division of Roentgenology, Children’s Hospital! Medical Center, University of Cincinnati College of Medicine, Cincinnati, 


Ohio. 


+ Professor, Pediatrics and Radiology and Director, Division of Roentgenology. 
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a field that makes skeletal dysplasias seem 
simple. 

There 1s a mixed reception in current 
textbooks to the concept of viral diseases of 
bone. Caffey et al." state that “osteitis due 
to viral infections has not been conclusively 
proved.” The lesions reported in smallpox 
are ascribed to secondary infection by 
pyogenic organisms from the skin. Aegerter 
and Kirkpatrick’ state that bone infections 
of viral origin are so rare that insufficient 
material is available for adequate and 
conclusive descriptions of the process. 
Jaffe’ however, clearly accepts smallpox 
virus as the causal agent of osteomyelitis 
which can be differentiated from bacterial 
osteomyelitis, and also recognizes osteo- 
myelitis due to vaccina virus. Other viral 
diseases have been reported in association 
with roentgenographically demonstrable 
bone lesions" (rubella, cytomegalic inclu- 
sion disease, varicella, lymphogranuloma 
venereum, infectious mononucleosis) and 
some bone diseases of, as yet, unknown 
cause have had advocates of their viral 
etiology®*478 (infantile cortical hyperos- 
tosis, cat scratch disease, etc.). 

The varying points of view seem to be 
based on several opposing arguments: 


1. Bone lesions in the course of viral 
diseases are caused by secondary bac- 
terial invaders and not by the virus 
per se;—to which is opposed 

2. Bacterial cultures have been sterile in 
several carefully investigated in- 
stances, while virus or virus particles 
“typical” for the agent of the clinical 
disease (apart from the bone lesion) 
have been identified; —to which there 
is the riposte 

3. The presence of virus in a lesion 
merely indicates the fact of viremia; 
it does not prove that the virus is the 
cause of the lesion;—to which, the 
reply 

4. The clinical course of the viral bone 
disease is different from that of bac- 
terial bone disease;—to which, etc., 
etc., etc. 
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Let us examine the evidence on which 
these arguments are based and if we can- 
not come to any conclusions, perhaps we 
can ask some questions and indicate areas 
or directionseto explore for answers,—or 
for more questions. 


CLINICAL EXPERIENCES 
Variola (Smallpox) 


It might be appropriate to refresh our 
memories that the eruption of smallpox 
usually appears after an incubation period 
of about twelve days after exposure and a 
three to four day period of prodromal 
fever, during which a viremia carries virus 
throughout the body. When the skin erup- 
tion appears, the virus disappears from the 
blood and the temperature tends to regress. 

Reported complications of smallpox have 
included heart failure and terminal pneu- 
monia, and occasionally osteomyelitis. It 
was generally considered that bacterial 
complications of smallpox could be incrimi- 
nated as the principle cause of death, par- 
ticularly after the pustular phase. It is 
now believed that the mortality in smallpox 
is chiefly related to the amount of virus in 
the blood during the first two days of the 
infection (i.e., before the appearance of the 
rash!) Even in the absence of antibiotics, 
pneumonias found in fatal cases yield the 
virus on culture and are sterile with respect 
to bacteria. Occasionally, there is an en- 
cephalitis like that of measles, varicella, 
or vaccinia. 

Osteomyelitis variolosa is a term coined 
by Chiari to designate nonsuppurative 
lesions he observed in the bone marrow of 
patients dying of smallpox during an epi- 
demic in Prague in the winter of 1891-92. 
The lesions were found in 19 of 22 patients 
dying as early as two days and as late as 
two months after the skin eruption. Chiari 
had previously observed non-suppurative 
lesions in the testes of patients dying of 
smallpox which he called orchitis vario- 
losa.” 23-b He expected to find similar 
lesions in the bone marrow because pa- 
tients complained so frequently of bone 
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pain in various stages of the disease; he did 
not record bone or joint involvement per se. 
Bacterial cultures were usually sterile and 
microscopic organisms were so infrequent 
that they were considered secondary in- 
vaders. gi 

Bancroft,’ in a detailed clinical descrip- 
tion of an epidemic in Boston in 1902-1903 
involving about 1,200 cases, stated that 
“purulent inflammation of the elbow joint 
was seen in the third week of the disease in 
two cases. Acute, non-suppurative arthritis 
was common.” Musgrave and Sison?’ and 
Musgrave et al. reported 18 instances of 
disturbances of bone growth, deformity, 
and even ankylosis following skeletal in- 
volvement during smallpox in childhood in 
the Philippine Islands. All cases had been 
infected prior to the age of 14 years. The 
clinical and roentgenographic features were 
unlike those expected with suppurative 
pyogenic osteomyelitis or arthritis (Fig. 1; 
and 2). 

Similar late deformities after smallpox 
infection were reported by physicians en- 
countering instances of smallpox in the 
United States. Brown and Brown," re- 
ported a six year old girl who had deformity 
secondary to “‘destruction of the epiphyseal 
line” at the wrists. A 20 year old with 
similar changes was reported in the same 
paper. These authors pointed to the ab- 
sence of scars or sinuses in the area of bone 
and joint deformity as different from the 
sequels to pyogenic osteomyelitis. That 
same year, Sheldon! added two more 
instances of late joint deformity after osteo- 
articular involvement in smallpox. Sheldon 
was concerned about the joint fusion repre- 
senting sequels to a peculiar “oriental” 
form of the disease, (prior reports involved 
non-white individuals) but he was re- 
assured about the non-racial nature of the 
infectious process by the almost contem- 
poraneous report of Brown and Brown. In 
1926, Huenekens and Rigler® described an 
acute episode of osteoarticular smallpox 
(“osteomyelitis variolosa”) in a four year 
old boy who had pain and swelling of the 
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Fic. 1. Deformities following childhood smallpox. 
Both elbows and forearms are affected; note left 
hand and wrist and asymmetrical deformities of 
lower extremities. From Musgrave and Sison.” 


wrists and elbows when admitted four days 
after the onset of a typical variolar erup- 
tion. Twelve days after the onset, the knees 
became swollen and tender. Roentgeno- 
graphic examination showed symmetrical 
lesions on the metaphyseal side of epiphy- 
seal lines in affected areas. The authors 
noted the predilection for areas of active 
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Fic. 2. Roentgenogram of hands and wrists of patient in Figure 1. Note carpal deformities and 
asymmetrical shortening of metacarpal bones. From Musgrave and Sison.79 


growth as well as the absence of suppura- 
tion. A short follow-up period (eleven 
months) showed irregularity of growth in 
some bones but a gradual return to func- 
tion. 

Other reports confirmed the clinical 
character of osteoarticular involvement in 
smallpox and emphasized the subsequent 
deformities to the extent of recommending 
inquiry for a past history of smallpox when- 
ever obscure deformities and growth in- 
equalities of the extremities were seen 
(Eikenbary and LeCocq#). Chatterjee”! 
stated that arthritis was the most serious 
complication of smallpox. In an epidemic 
in India comprising 2,341 cases, 10 out of 
the 115 children under ten years of age 
developed arthritis. In every case, the el- 


bows were affected. The onset was usually 
three to four weeks after the onset of the 
disease. Only in the area of histopathology 
was there any dissenting opinion. Bras! in 
a comprehensive paper on the morbid anat- 
omy of smallpox based on 177 cases was 
unable to confirm the bone marrow lesions 
which Chiari called osteomyelitis variolosa. 
He indicated that his postmortem exami- 
nations were done much sooner after death 
than were Chiari’s. Nevertheless, when 
Cockshott and MacGregor reported their 
experiences in 1958 and 1959,” they were 
able to list 134 instances of osteomyelitis 

variolosa in addition to their 15 carefully 
studied cases. On the basis of these data, 
they suggested that 0.25-0.5 percent of all 
patients during an epidemic, and two to 
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five percent of affected children, would be 
expected to have osteoaréghritic signs and 
symptoms. A latent interval between onset 
of the rash and the joint symptoms usually 
occurred and varied between one to six 
weeks. In $o percent of patiénts, an elbow 
was affected; in 20 percent, hands and 
wrists; ankles and feet in 18 percent; and 
knees, hips and shoulders less frequently. 
In over 50 percent, more than one site was 
involved, and symmetry of involvement 
was striking. Joints, or groups of joints, 
were affected in an irregular sequence at 
intervals of one or two days. 

Swelling around the affected joint was 
usually the first sign (Fig. 3); pain was 
generally mild and often there seemed to be 
merely a disinclination to move the af- 
fected extremity. Effusions were moderate 
in amount when found and the joint was 
surrounded by tender, fusiform swellings 
which extended as boggy sheaths over the 
adjacent bones. Hand and foot swellings 
(Fig. 4) resembled those in the hand-foot 
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Fic. 3. Bilateral elbow swelling'in child still showing 
cutaneous lesions of smallpox. With permission 
from Cockshott and MacGregor.” 
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With permission from Cockshott and MacGregor.?’ 


syndrome, but none of the affected patients 
showed evidence of sickling. Large effusions 
sometimes drained spontaneously, forming 
sinuses. Fluid removed from joints was 
generally sterile; elementary bodies of 
variola were detected in the joint fluid 
from four of the cases. 

Roentgenographic studies showed early 
soft tissue swelling around the affected 
joint. The earliest osseous change was a 
radiolucent band in the metaphysis (Fig. 
5). The calcified cartilaginous plate occa- 
sionally seemed totally disconnected from 
the remainder of the bone. A thin shell of 
periosteal new bone subsequently formed 
extending along the shaft away from the 
affected joint. This gradually (over a 
period of months) became incorporated 
with the shaft and, though it could remodel 
and disappear, often left spurs at the sites 
of capsular attachment (Fig. 6). Epiphyses 
not infrequently were totally destroyed so 
that bone fusion across joints occurred, 
with focal excavations in the bony con- 
tinuum where the epiphyses had been. In 
some instances, the epiphysis was com- 
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Fic. 5. Symmetrical elbow lesions in osteomyelitis variolosa in seven year old 
girl. With permission from Cockshott and MacGregor.” 


pletely separated from the shaft and, with 
its ossification center, persisted as a foreign 
body in the soft tissues until resorption 
occurred. Subsequent growth of affected 
bones was commonly retarded; when tubu- 
lar bones of the hands or feet were 
affected, bizarre, acquired brachydactyly 
often resulted (Fig. 7). And in most in- 
stances, these osseous mutilations took 
place with surprisingly little impact on the 
clinical status of the patient. The prostra- 
tion and systemic reaction that are cus- 
tomary with comparable bone destruction 
in pyogenic osteomyelitis were almost 
totally lacking. Ultimately, resolution pro- 
ceeded to surprising degrees of recovery 
even with residual deformity, apparently 
unaffected by treatment. 

These observations of Cockshott and 


MacGregor*’—*® have since been confirmed 
by Davidson eż al., Eeckels et al., and 
Gupta and Srivastava.” Bacteriologic and 
viral cultures of material obtained by 
biopsy in three instances‘? were sterile. 
Histologic and microroentgenographic 
studies were similar in all three patients 
and different from what would have been 
expected in pyogenic infection of bone. 
Purulent exudate was not present; instead, 
bone necrosis and resorption, medullary 
fibrosis, and a striking diminution in num- 
bers of osteoclasts were noted. Vascular 
lesions were present, characterized by 
intimal proliferation leading to oblitera- 
tion of the lumen. 


Vaccinia 


With vaccination it is likely the virus 
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Fic. 6. Serial changes in elbow in osteomyelitis variolosa. (4) Acute phase. (B) Further disorganization of 
the joint three weeks later. (C) Flail joint, two years later. With permission from Cockshott.” 


enters the blood stream, but only rarely 
does generalized infection occur. The vi- 
ruses of variola and vaccinia have close 
biologic relationships and consequently, if 
bone lesions can occur in association with 
the more virulent smallpox virus, bone 
lesions with vaccinia infection are possible 
but are not unexpectedly infrequent. 

Delano and Butler*! reported a child of 
three months who developed fever, irri- 
tability, tender swellings of the feet, and 
pseudo-paralysis of the right arm ten days 
after “successful”? vaccination on the left 
arm. Following a nine day period of im- 
provement, the constitutional symptoms 
recurred. The patient gradually improved 
over the next four and one-half months and 
had no sequels. Roentgenograms at the 
time of the foot swellings showed new bone 
formation along the fifth metatarsal shafts 
bilaterally. During the recurrence, both 
clavicles and one scapula showed hyper- 
ostotic reaction and the authors felt they 
were describing a case of infantile cortical 
hyperostosis in association with vaccinia. 
However, they postulated that the vac- 
cinia and the infantile cortical hyperostosis 
were causally related. 


Another publication (Cochran et al.”*) 
links signs and symptoms ordinarily char- 
acteristic for infantile cortical hyperostosis 
with vaccination. In this patient, a three 
and one-half week old infant, with an even 
more typical clinical course for infantile 
cortical hyperostosis, material obtained 
from biopsy of the scapula and overlying 
muscle, negative for bacteria, produced 
typical vaccinia pox on chorioallantoic 
membrane of embryonated eggs. Vaccina- 
tion had been accomplished four weeks 
prior to the onset of skeletal disease and 
was followed by a “severe” reaction which 
took three weeks to subside. The biopsy 
from which the vaccinia virus was recov- 
ered was done 67 days after the initial 
vaccination. 

A report of vaccinal bone disease without 
implication of associated disorder was that 
of Sewall.’ This concerned a 17 month girl 
examined because of swelling of the distal 
portion of the left forearm and of the fore- 
head, five months after a successful vac- 
cination characterized by a “‘severe’’ reac- 
tion. The forearm swelling was first noted 
two weeks after the vaccination, and peni- 
cillin was given occasionally over the next 
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Fic. 7. Late, bizarre brachymetacarpalia secondary to premature epiphyseal union as a complication of 
osteomyelitis variolosa affecting the hands. Compare with Figure 2. With permission from Cockshott.?9 


two weeks because of fever. By one month 
after the vaccination, the clinical symp- 
toms had disappeared but the arm swelling 
persisted, and one month later an asymp- 
tomatic swelling appeared on the forehead. 
Roentgenographic examination revealed 
destruction of the distal two-thirds of the 
right ulna with involucrum formation. In 
the frontal bone, an ill-defined area of de- 
mineralization about the size of a lemon 
was noted, and an eccentrically located 
density within it suggested sequestrum for- 
mation. White granular material removed 
at biopsy from the ulna, five and one-half 
months after the vaccination, did not have 
features of pyogenic osteomyelitis and did 
contain vaccinia virus. Bacterial cultures 
were sterile. Virus identification was ac- 
complished by production of typical lesions 


on chorioallantoic membrane as well as 
typical intracytoplasmic inclusions. Typi- 
cal skin lesions were produced in rabbits, 
and the infective material could be neu- 
tralized by anti-vaccinia anti-serum. Be- 
cause of these findings, and the absence of 
clinical signs of acute pyogenic osteomy- 
elitis, the lesions were attributed to persis- 
tent infection in the bone with vaccinia virus. 

Other instances of isolation of vaccinia 
virus from patients with bone lesions are 
recorded. Barbero eż al.’ reported the case 
of a five and one-quarter year old boy who 
developed slowly progressive enlargement 
of a primary vaccination site in the arm 
with necrosis of the affected soft tissues 
(Fig. 8). Roentgenograms (Fig. 9) two and 
one-half months after vaccination showed 
a periosteal reaction about the fourth meta- 
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carpal bone but no other lesion. Biopsy of 
the bone after failure of regponse to usual 
antibacterial therapy disclosed yellow gray 
zranulation tissue, negative for bacterial 
zrowth, but containing vaccinia virus. The 
patient did not have circulating antibodies 
„to vaccinia and recovered after treatment 
with hyperimmune gamma globulin. In 
this instance, a defect in humeral immunity 
apparently was associated with persistence 
of virus in bone and other tissues in associ- 
ation with local tissue destructive changes. 

Elliott described the case of a five 
year old girl who developed metaphyseal 
irregularity of the humerus at the elbow 
and exuberant irregular subperiosteal new 
bone formation five weeks after vaccina- 
tion. Microbiologic proof of the viral cause 
for the bone lesion is lacking in this case. 
The roentgenographic features are not 
those of infantile cortical hyperostosis and 
resemble more the response to a mechani- 
cal injury. 
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Varicella (Chickenpox) Fic. 9. (a) Endosteal and periosteal reaction of 4th 
metacarpal bone in same child as in Figure 8, two 

Reports of bone involvement in varicella and one-half months after vaccination. Material 
are practically non-existent in spite of the removed at biopsy was sterile for bacteria but 


contained vaccinia virus. 
(B) Photomicrograph of tissue removed from 
4th metacarpal bone; arrow indicates typical Guar- 


frequency of this disease in childhood. 
Two fatal cases of bone marrow involve- 


ment in varicella with virus isolation and nieri body of vaccinia virus infection. With per- 
positive serologic studies were reported by mission from Barbero eż a/.° 
Cheatham eż al. In both cases, immuno- 


suppression had been induced: in the first 
instance, by roentgen-radiation and chemo- 
therapy in a child with metastatic neuro- 
blastoma; and in the second, by steroid 
treatment of acute rheumatic fever. Simi- 
lar observations were noted by Feldman 
et al.* in a study of 77 patients with malig- 
nancy who developed varicella; 60 were 
under active treatment at the time. Four 
of the 60 died; bone marrow lesions with 
focal necrosis and eosinophilic intranuclear 
inclusions were found in the two patients 
who came to necropsy. 

Arthritis associated with varicella infec- 
tion was reported by Ward and Bishop"® 
Fic. 8 Local extension of vaccinia (vaccinia rang. in a five year old female who developed a 

i S gang- hile f 

renosa) in patient with immunodeficiency disorder. knee joint effusion. The viral nature was 

With permission from Barbero eż al.’ not proved, but the patient’s brother and 
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Fic. 10. “Celery stalk” linear markings in meta- 
physes of newborn infant with congenital rubella 
involvement of bone. This is the case presented by 
Dr. B. J. Reilly in 1964. Neonatal jaundice, con- 
genital heart disease and deafness. Rubella titer 
high at two years. (Courtesy of Dr. B. J. Reilly, 
Toronto.) 


sister developed varicella two weeks later, 
and the arthritis subsided simultaneously 
with the subsidence of the varicella. In a 
five year follow-up, no other explanation 
for the “arthritis? was provided. In the 
absence of a history of trauma, the authors 
felt that this was probably an infectious 
arthritis. 


Rubella (German Measles) 


Rubella infection as a cause of arthritis 
has been known for some time. Chambers 
and Bywaters”® reported five instances of 
clinical arthritis in association with acute 
rubella affecting the small joints of the 
hands, and of the wrists and knees, pre- 
dominantly in adult females. Synovial 
fluid from affected joints was quite dif- 
ferent from that in rheumatoid arthritis, 
showing mononuclear rather than poly- 
morphonuclear pleocytosis. Reports of ar- 
thralgias and clinical arthritis following 
natural rubella have appeared, and in some 
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instances, the episodes were recurrent.®:% 
After live, attetuated, rubella virus became 
available for active immunization, the 
complication of acute arthritis was noted 
in children jnjected with the virus.!9%:109.114 
A little over one percent of the children 
developed recurrent joint symptoms. The, 
knee was most commonly affected, but 
symptoms in smaller joints (wrists, hands, 
fingers) were also noted. Recovery of 
wild rubella virus from affected joint 
fluid after natural rubella, and of the 
attenuated virus after vaccination®:2° has 
been recorded. Recently, Ogra et al% 
reported that rubella antibody levels were 
high, not only in rubella-vaccine arthritis, 
but also in a significant proportion of 
patients with juvenile rheumatoid arthritis. 
They found rubella virus antigen in synovial 
fluid in 33 percent of the patients with 


juvenile rheumatoid arthritis and suggested 


a possible role of rubella virus infection in 
this disease. 

Roentgenographically visible bone le- 
sions due to intra-uterine rubella infection 
were described by Dr. Bernard Reilly to 
this Society at the 1964 meeting (Fig. 10), 
but the relationship was not accepted un- 
til the following year when several papers 
were published, almost simultaneously, 
showing identical changes. Rudolph and his 
associates incriminated wild rubella vi- 
rus, transmitted 7” utero, as the cause of 
“characteristic” metaphyseal lesions in 
long bones of newborn infants. The roent- 
genographic features consisted of sym- 
metrical alteration of the trabecular pat- 
tern of the metaphyses, especially in the 
region of the knees. Linear areas of radio- 
lucency and increased bone density, with a 
longitudinal axis parallel to the long axis of 
the bone, abutted on irregular provisional 
zones of calcification at the junction with 
the epiphyseal cartilage. Radiolucent bands 
parallel to the growth plate were present in 
many bones, including those with the linear 
streaking. Periosteal reaction was specifi- 
cally stated to be absent. If the child re- 
covered fromthe intrauterine viral infec- 
tion, return to normal trabecular architec- 
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ture and bone appearance was observed; in 
infants who failed to thrivé, in whom it was 
subsequently shown that infection per- 
sisted, the osseous abnormalities persisted 
with increasing density of the juxta- 
epiphyseal region. Beak-like projections of 
the bone were noted during healing at the 
metaphyseal ends. The bone changes 
tended to parallel in their severity, the 
clinical severity of the disseminated viral 
infection. Histologic examination (Fig. 13) 
of bone from infants dying of the disease 
revealed variation in the thickness of the 
zone of mature cartilage cells adjacent to the 
epiphyseal line; multiple poorly calcified 
fragments of acellular cartilage and osteoid 
were found. The numbers of metaphyseal 
bony trabeculae were reduced in compari- 
son with normal and there was a reduction 
in the amount of calcified bone and osteoid 
around the cartilaginous cores. These latter 
persisted far into the diaphyses. The de- 
ficiency in osteoid apparently occurred in 
the face of what was considered excessive 
osteoblastic activity characterized by large 
numbers of cells on the surfaces of the bone 
spicules. Positive cultures for rubella virus 
were obtained from several sites including 
bone marrow. 

Practically simultaneous reports from 
many centers appeared as a consequence of 
the careful study of the 1964-1965 rubella 
epidemic in the United States and else- 
where.2!:54:68 86—88, 91, 92, 104, 124 Brandner” sub- 
sequently described localized periosteal 
reaction in rubella (Fig. 14), a feature 
which he felt helpful to distinguish the 
“distinctive” bone lesions in rubella (and 
cytomegalic inclusion disease) from the 
special but different lesions of syphilis, and 
from the non-specific lesions which occur in 
syphilis and other systemic disorders. 

Marshall et al. reported a proved in- 
stance of neonatal rubella infection (age 
three weeks) with virus recovery persisting 
up to eight months and with typical roent- 
genographic bone lesions, in whom a clavic- 
ular lesion was also found. This presented 
as an area of rarefaction which over a 
period of three months developed sclerosis 
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humerus in intrauterine rubella infection. Note 
focal areas of osteoporosis which correspond to 
the metaphyseal lucencies in roentgenograms. 
With permission from Reed.” 


and thickening. At one year, the clavicle 
was normal. 

A detailed study of the histology of bone 
lesions in congenital rubella was made by 
Reed.® In brief, he confirmed the meta- 
physeal features described in previous re- 
ports but suggested that the radiolucent 
streaks in roentgenograms resulted from 
focal areas of osteoporosis rather than 
poorly mineralized osteoid (Fig. 11). He 
considered these to result from an insult to 
the complex bone-forming mechanism as a 
consequence of the viremia. Pointing to a 
slowing of cell growth in tissue cultures 
infected by rubella virus, he suggested 
slowing of certain (cartilage) cell clones 
which could lead to focal failure of bone 
matrix formation (Fig. 12). Strauss, ™! in 
the study of an infected 19 week old fetus 
had previously noted a spotty delay in 
resorption of cartilage in the zone of pro- 
visional calcification. This led to retarded 
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Fic. 12. Microscopic section in intrauterine rubella 
bone disease. Osteoblasts surround the spicule of 
metaphyseal bone; the marrow ground substance 
shows myxofibromatous changes, with large, fusi- 
form fibroblasts. With permission from Reed.” 


ossification of the preparatory cartilage 
with abnormal orientation of some bony 
trabeculae in the metaphysis. Strauss did 
not note any evidence of osteomyelitis or 
periostitis in her material, but Reed® did 
note scattered periosteal mononuclear in- 
filtrations in tissues examined within about 
three weeks of birth. 

Naeye and Blanc® based the clinical and 
radiologic features on a growth disturbance 
secondary to viral inhibition of cell multi- 
plication. They provide evidence of a sub- 
normal number of cells in many body 
organs. Tondury and Smith"™ invoked cell 
damage and necrosis without inflammatory 
or fibrotic response in infected fetuses to 
explain the findings. These authors also 
described destructive lesions in dental buds, 
but made no mention of osseous lesions. 

Support for viral action on chondrocytes 
was provided by London ef a/.®° who stud- 
ied the mechanism for growth retardation 
in rabbits congenitally infected with ru- 
bella virus. They concluded that rubella 
virus has a predilection for cartilaginous 
tissue in congenitally infected rabbits, and 
consequently could be responsible for the 
growth retardation “by interfering with 
the maturation of the individual chondro- 
cytes,” to slow ossification and retard bone 
growth. 
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Sekeles and Ornoy®’ confirmed the thin- 
ning of the layer of hypertrophic cartilage, 
thinning and disorganization of metaphy- 
seal trabeculae, and reduced numbers of 
osteoblasts apd osteoclasts in a series of 
fetuses aborted between four and six 
months because of maternal rubella (Fig. 
13). They reported abundant plasma cells 
in the metaphyses, and in and around blood 
vessels in the cartilaginous epiphyses, and 
in subperiosteal locations (Fig. 14). They 
suggested that the “excessive osteoblastic 
and osteoclastic activity” in prior reports 
might actually represent misinterpretation 
of this form of inflammatory cellular re- 
sponse. Singer and associates, in a study 
of 18 fatal cases of rubella, obtained viral 
cultures from many tissues, including bone, 
when viremia could not be demonstrated. 
They felt that this precluded the contami- 
nation of tissues from the contained blood 
and represented the actual localization of 
virus in the areas sampled. A review of the 
hony manifestations of congenital rubella, 
based on 165 cases available in the litera- 
ture, has been published by Saidi and 
Chagnon.” 


Cytomegalic Inclusion Disease 


Prior to the recognition of radiographi- 
cally demonstrable bone lesions in neonatal 
rubella, Sacrez and associates” pointed out 
that neonatal cytomegalic inclusion disease 
infection could manifest changes in the 
long bones. The lesions were described as 
demineralization of the metaphyses at the 
knee with linear streaking and irregularity 
of the epiphyseal line. The initial enthusi- 
asm for “characteristic” roentgenographic 
changes in the bones of neonates infected 
with rubella was tempered when Graham 
et al’! rediscovered Sacrez’s report and 
presented another instance of bone changes 
In severe cytomegalic inclusion disease in 
an infant from whom rubella infection was 
excluded while cytomegalic virus was 
easily cultured. Metaphyseal radiolucency, 
streaking, and irregularity of the zone of 
provisional calcification were identical to 
the features in rubella babies on the first 
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Fic. 13. Comparison of metaphyses in six month fetus without rubella (left) and six month aborted fetus 
with congenital rubella (right). Note relative paucity of trabeculae and marrow infiltration with plasma 
cells in affected fetus. (Courtesy of Dr. A. Ornoy, The Hebrew University, Hadassah Medical School, 
Jerusalem, Israel.) 


day of life, but faded by ten days and were 
completely gone when the patient was 
examined at five weeks. The patient died 
at 66 days. 

The implication of these reports was that 
the roentgenographic changes were not 
characteristic for rubella but required a 
differentia] diagnosis which included cyto- 
megalic inclusion disease, congenital syphi- 
lis, and hypophosphatasia. Other intra- 
uterine causes, especially infections, were 
anticipated to be found causing similar non- 
diagnostic changes. Graham’s observations 
were confirmed by Merton and Gooding” 
and later by McCandless et a/.’° The gen- 
eral opinion persisted that the bone 
changes were due to the viral infection, but 
the disturbance of endochondral bone 
formation was considered quite difterent 
from an osteomyelitis. 
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Lymphogranuloma Venereum 


Lymphogranuloma venereum is not a 
viral disease but the infective agent is an 
intracellular parasite which produces intra- 
cytoplasmic “elementary bodies”? resem- 
bling the intracellular inclusions in ceils 
infected with true viruses. Bone lesions 
have been described, exclusively, so far as 
I have been able to ascertain, in adults, 
with features resembling a low grade 
chronic pyogenic osteomyelitis. In fact, 
secondary infection is not uncommon; but 
those who have carefully studied the con- 
dition believe that the presence of the 
organism in the absence of true pyogenic 
reaction (the lesions in the bone as well as 
the lymph nodes are granulomatous) sup- 
ports the opinion that the organism causing 
the cutaneous and lymph node disease also 
causes the bone lesion. The observation of 
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Fic. 14. Subperiosteal infiltration with plasma cells 
in aborted fetus with congenital rubella. (Cour- 
tesv of Dr. A. Ornoy, The Hebrew University, 
Hadassah Medical School, Jerusalem, Israel.) 


bone lesions in the extremities, thoracic 
skeleton, and skull in the absence of cu- 
taneous ulcerations is thought to favor 
bone infection via the blood stream. 
Further support comes from instances in 
which the skin lesion was secondary to a 
lesion in the underlying bone. Wright and 
Logan™ noted the rarity of osseous changes 
in association with lymphogranuloma ven- 
ereum but were able to report three per- 
sonal cases. Sheldon eż a/." reported an in- 
stance in which the organism was cultured 
as well as seen in biopsy sections from a 
bone lesion under a large ulcer in the upper 
leg (Fig. 15, 4 and B), and cited nine prior 
instances of bone involvement, including 
those in Wright and Logan’s publication. 


Infectious Mononucleosis 


It is now generally accepted that infec- 
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tious mononucleosis is a viral disease and 
that the etiologėc agent is probably an in- 
fective agent related to, if not identical 
with, a form of the Epstein-Barr virus 
(EBV) a member of the herpesvirus group. 
The Epstein-Barr virus has also been 
implicated in the cause of Burkitt’s lym- 
phoma. Tamir et al"? reported positive 
antibody titers to EBV in 21 of 22 children 
with infectious mononucleosis, supporting 
the strong association. 

Abebonojo? reported a well documented 
case of monoarticular arthritis in the course 
of infectious mononucleosis for which no 
cause other than the primary disorder could 
be found. Reports of actual bone lesions are 
extremely rare. Burrows, however, did 
report the case of a nine year old boy with 
an acceptable diagnosis of infectious mono- 
nucleosis who complained of tenderness 





Fic. 15. (4) Destructive bone lesion with some 
sclerotic reaction in lymphogranuloma venereum. 
(B) Tissue removed at biopsy, sterile for bacteria, 
shows typical intracellular Bedsoniae (“large 
virus particles”). With permission from Sheldon 
et al 1 
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over both ulnas and the upper tibias with 
no signs or symptoms of joint involvement. 
Roentgenologic examination demonstrated 
thin lamellated periosteal reaction in the 
areas of tenderness. Bactegal and viral 
studies were negative but there was some 
elevation of serum globulins. The combi- 
nation of periosteal reaction and dyspro- 
teinemia bore some resemblance to the 
cases described by Goldbloom eż a/.°° 


Coxsackie Virus Infection 


Notwithstanding the almost ubiquitous 
distribution of these infective agents and 
their known potential for tissue damage, 
bone lesions caused by Coxsackie virus do 
not seem to have been described. Freuden- 
berg et al reported a newborn infant 
with congenital contractures of both hip 
joints presumably secondary to congenital 
Coxsackie virus infection. 


CONDITIONS AFFECTING BONE OF UNKNOWN, 
BUT POSSIBLY VIRAL, CAUSE 


Infantile Cortical Hyperostosts 
(Caffey disease). 

The association of Caffey disease with 
vaccinia infection has been noted above.”**# 
Caffey et al. include the condition in their 
textbook under infections of bone on the 
basis that although the cause 1s unknown, 
many patients have severe and protracted 
fever, an elevated erythrocyte sedimenta- 
tion rate, and occasionally cellular pleural 
or extra-pleural exudate in association with 
contiguous costal hyperostosis. Cellular 
infiltration in the periosteum early in the 
disease also suggests the possibility of 
infection.“ We would agree with Caffey 
that the question of cause (or causes) must 
be left open, but in the context of this re- 
view, also suggest that the suspicion of a 
viral agent must stand high in the list of 
possibilities. A viral infection could explain 
the tendency of the disease to occur in clus- 
ters in both time and space. As has been 
noticed in the case of rubella and cytome- 
galic inclusion disease, an intrauterine 
transmission is possible. Such transmission 
is in accord with the cases reported of pre- 
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Fic. 16. Caffey disease (infantile cortical hyper- 
ostosis). Typical costal, clavicular, scapular and 
mandibular involvement in three month old boy 
with classical clinical features. Alpha 2 globulins 
were appreciably elevated at time of this examina- 
tion, but had returned to normal by 73 months 
when roentgenograms were also normal. 


natal demonstration of the bone lesions,*'*° 


lesions present at birth, and the almost 
invariable onset prior to the sixth month of 
age.’ Even the familial instances of infan- 
tile cortical hyperostosis®:!” could favor an 
infectious basis. Tuberculosis was consid- 
ered a familial disease until a causative 
organism was found and its pathway of 
transmission was clearly defined. The ap- 
parent immunity to recurrence after the 
initial course of the disease is not unlike the 
immunity following other viral diseases. 
The usual antibacterial therapeutic agents 
have no effect on the course of the disease, 
as is common in viral infections. In several 
instances, alterations in the serum proteins 
have been noted (Fig. 16); such changes not 
uncommonly represent responses to infec- 
tion, and may include specific antibodies to 
a causal agent capable of reacting with 
causal agent antigen if it were only known. 

Temperley ef al. indicated that eleva- 
tions of gamma globulins in infantile corti- 
cal hyperostosis are consistent with an 77 
utero viral infection, representing a residual 
response to a disease which may even then 
have run its course. Altered serum proteins 
may also indicate an altered immune 
status. Two instances of infantile cortical 
hyperostosis in association with an im- 
munodeficient disease were reported by 


McEnery and Nash.” Both children suf- 
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fered from the Wiskott-Aldrich syndrome; 
in one, there was a history of mandibular 
swelling in the mother when she was 15 
years of age which had been diagnosed as 
Caffey disease. For both children, the au- 
thors hypothesized that the Immunolowic 
defect predisposed to whatever is the causal 
agent for infantile cortical hyperostosis, 
and speculated on the frequency of the 
association of infantile cortical hyperostosis 
in other less obvious forms of the im- 
munodeficiency disease. In the absence of 
a bacterial cause for the typical infantile 
cortical hyperostosis in this severe im- 
munologic defect, a viral cause seems 
possible. 


Other Hyperostotic Disorders of Possible 
Viral Origin 


Other conditions of unknown origin with 
cortical hyperostotic manifestations bear 
certain similarities to infantile cortical 
hyperostosis and merit mention here. Gold- 
bloom and associate’s®® patients were men- 
tioned in relation to infectious mononu- 
cleosis. These children, with fever, pain 
and tenderness in the bones, developed 
subperiosteal new bone in the tubular 
bones, and also in the mandible. An eleva- 
tion of gamma globulins as well as transient 
disturbance of other plasma proteins oc- 
curred in both patients. 

Melhem eż al.: reported two instances in 
which soft tissue swelling followed by ex- 
tensive cortical hyperostoses in limb bones 
was associated with elevated serum phos- 
phate levels (hyperphosphatemia). Other 
laboratory studies were not remarkable and 
biopsy in one instance showed vascular 
connective tissue between the trabeculae 
of subperiosteal new bone formation with 
some round cell infiltration but no diagnos- 
tic features. Some similarities did exist with 
Goldbloom’s patients, but the clinical 
course and the roentgenologic findings were 
not unlike those seen in the condition de- 
scribed by Soriano.!%1% This author re- 
ported a bizarre form of cortical hyperosto- 
sis of unknown cause associated with severe 
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disability and delayed spontaneous re- 
covery except for residual bony deformity. 
The autopsy specimens are also not unlike 
those seen in avian osteopetrosis. 

These unusual forms of cortical hyperos- 
totic disorders are included because they 
all have features which suggest an infec- 
tious origin and yet in none has an infec- 
tious cause been found; virus infection is a 
possibility. 


Cat Scratch Disease 


The fascinating history of the discovery 
of this disease of unknown cause has been 
described by Carithers!® and an encyclo- 
pedic review has been published by War- 
wick."® No infectious agent has been found 
for the disease; a viral agent has been sus- 
pected. In 1954, Adams and Hindman! re- 
ported an osteolytic lesion of the ilium in 
a five year old boy with a fluctuant cervical 
lymph node from which biopsy showed 
multiple granulomas with central necrosis 
compatible with cat scratch disease. The 
appearance of the ilium was comparable to 
that produced by an eosinophilic granu- 
loma, or a granulomatous process. Biopsy 
of the lesion, which was sterile on culture 
for bacteria and fungi, showed “vascular 
fibroplastic tissue infiltrated with small 
lymphocytes . . . rare nodular aggregates 
of large mononuclear cells were pres- 
ent. ...” The patient reacted positively 
to antigen for the diagnosis of cat scratch 
disease obtained from two sources. The 
bone lesion slowly resolved, and complete 
healing was observed nine months later. 

In 1959, Collipp and Koch?’ reported a 
similar bone lesion in a four year old boy 
who had a swollen cervical lymph node. A 
skin test with cat-scratch antigen was 
positive. On the 26th day of illness, the 
cervical lymph node was fluctuant and 
material obtained at drainage was sterile 
but gave a positive reaction when injected 
into another patient known to have had 
cat scratch disease. On the 28th day of 
illness there was a destructive lesion in the 
femoral neck with slight periosteal reaction 
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(Fig. 17). A needle biopsy of the lesion 
done on the 41st day obtained sterile ma- 
terial, granulomatous in nature, with cen- 
tral necrosis surrounded by epithelioid 
cells and lymphocytes compa¢ible with the 
diagnosis of cat-scratch disease. The pa- 
tient subsequently improved clinically and 
roentgenologically, but a defect was still 
present in the femoral neck five months 
later. 


ANIMAL AND LABORATORY STUDIES 
Avian Osteopetrosts 


The experiments of nature which are 
studied clinically need to be complemented 
by experiments deliberately designed to 
answer questions which cannot be answered 
by investigations in humans. A consider- 
able body of knowledge has accumulated 
concerning viral bone disease in birds and 
other laboratory species. The best known 
ig avian osteopetrosis. Originally described 
by Pugh® in Great Britain as a sporadic 
disease of fowl characterized by symmetri- 
cal thickening of the shafts of the long 
bones, it has been shown to be an experi- 
mentally transmittable disease vza a filter- 
able agent obtained from infected birds. 
The disease can be produced by injecting 
filtered plasma, whole blood, or suspensions 
of bone marrow cells from birds with active 
bone lesions into day old chicks (Fig. 18). 
The first reaction is periosteal proliferation 
which is followed by subperiosteal new 
bone formation and in some by a defect in 
mineralization at the ends of the bones 
(Fig. 19). The thickening of the compacta 
(cortex) results in bone that is wider and 
more dense than normal with a narrow 
medullary cavity. The calvarium and the 
mandible may be affected (Fig. 20). Unlike 
Caffey disease, however, spontaneous re- 
covery does not take place, and thus some 
affected birds die early while others live 
two years or more dying as a result of pro- 
found anemia due to occlusion of marrow 
spaces by endosteal bone. In 20 percent of 
experimentally affected birds, soft tissue 
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Fic. 17. Bone lesion in cat-scratch disease. With 
permission from Collipp and Koch.*° 


tumors occurred; the virus responsible for 
osteopetrosis (Fig. 21) coulc conceivably 
have activated latent leukosis virus in these 
birds. 

Holmes**:*” states “It seems likely that 
the virus exerts its effects directly on the 
skeleton, with a predilection initially for 
the long bone periosteum causing new bone 
formation, primarily in the long bone 
diaphyses but later throughout the skele- 
ton.” Simpson and Sanger!” note that the 
condition differs from humar osteopetrosis 
which results from a failure to remove pri- 
mary spongiosa within the shaft; avian 
“osteopetrosis” results from excessive sub- 
periosteal spongy bone (Fig. 22). The 
affected osteoblasts and osteocytes ap- 
parently form bone faster than normal. 
These authors suggest the ~oentgenologic 
and histologic changes in avian osteopetro- 
sis are closer to those occurring in Caftey 
disease, Engelmann disease, and Ribbing 
disease than to those in human osteopetro- 
SiS. 
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Fic. 18. Marked bony swelling in avian osteopetrosis. Both chickens are 183 days old; the one on the left 
was injected with leukosis virus at one day of age. With permission from Simpson and Sanger!” 


Laboratory Induced Virus Diseases With 
Bone Changes 


Buddingh, noting that vaccine virus 
found in inoculated animals was as gen- 
erally distributed as were the lesions, de- 
scribed changes which occurred when the 


(METRIC H tı 2B 





Fic. 19. Experimental osteopetrosis of tibia. Seventy- 
five day old chicken with 70 day old normal con- 
trol. With permission from Simpson and Sanger.) 


chick embryo was injected. Bone marrow 
was second only to liver in titratable viral 
activity, and the periosteal tissues were con- 
sistently involved by perivascular collec- 
tions of large mononuclear cells. Buddingh 
stated “Every section studied which con- 
tained bone structures showed evidence of 
involvement of the periosteum throughout 
the entire course of the disease.” In addi- 
tion, extreme involvement of synovial 
surfaces of the joints was noted. Inclusion 
bodies in connective tissue cells of both 
periosteum and synovia indicated pro- 
liferation of virus in these cells. Buddingh 
felt that the distribution and nature of the 
lesions closely corresponded to the findings 
in human disease, but that the relative vol- 
ume of the inoculum was greater in the 
experimental model. 
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Fic. 20. Avian osteopetrosis affecting calvarium and metatarsals (left), and 
mandible and metatarsals (right). With permission from Holmes.” 


Lillie and Armstrong” studied general- 
ized vaccinia in rabbits. Citing Chiari” in 
relation to necrotic bone cells in involved 
trabeculae in the marrow lesions of variola, 
as well as previous reports of vaccinal 
osteomyelitis, they suggested that the 
vaccinal lesions and the variolar lessions 
represented the same osteomyelitic process. 

Dalldorf®? described an osteolytic virus 
(OLV) found in human cancer and trans- 
plantable in laboratory animals which had 
an effect principally on bones and teeth. 
Subsequently, Ferm and Kilham* injected 
suckling hamsters with several closely re- 
lated viruses including H-1 (see below) 
and OLV, and reported skeletal changes. 

Markowa” reported an instance of acute 
osteitis, presumably viral, in a seven year 
old boy with an encephalitic syndrome. 
Subsequently, he showed growth of tick- 


borne encephalitis virus in bone and associ- 
ated skeletal changes after intraosseous 
inoculation in mice. 

Heggie® studied embryonic hamster bone 
in tissue culture in which H-1 virus was 
inoculated. H-1 virus is a small infective 
agent containing deoxyribonucleic acid 
(DNA) originally recovered from certain 
rat and human tumors, and found to pro- 
duce bone and dental changes (among 
others) when injected into suckling ham- 
sters. As viral replication increased in the 
culture, infected bones changed shape in 
comparison with non-infected ones, 1n- 
creased less in weight, and showed histo- 
logic evidence of damage to bone-forming 
cells in the periosteum. Hoover and Griese- 
mer®’ inoculated kittens intravenously 
with feline herpesvirus and produced osteo- 
lytic lesions which could be correlated with 


Fic. 21. Electromicroscopic comparison of normal 
osteoblast (above) and osteoblast from an af- 
fected bone in avian osteopetrosis (below). Viral 
particles are present in the intracellular osteoid 
adjacent to the osteoblast, in close proximity to 
the plasma membrane of an osteoblast and its 
nucleus with margination of chromatin. N= 
(nucleus); r= (endoplasmic reticulum); m= (mito- 
chondria); and g=(Golgi apparatus). With per- 
mission from Simpson and Sanger.) 


intranuclear inclusion bodies, viral antigen, 
viral particles, and infectious virus. Ne- 
crotic lesions of bone (Fig. 23) were found 
in the growth regions of numerous bones 
and cellular degeneration and necrosis were 
present in the primary spongiosa of long 
bones. Intranuclear inclusion bodies oc- 
curred in many types of cells including 
osteoclasts, osteoblasts, and periosteal cells. 
Necrotic osteocytes were seen but intra- 
nuclear inclusions were not observed in 
these. Areas of periosteal necrosis were 
present (Fig. 24). Osteolytic lesions were 
restricted to regions of osteogenesis. 
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Viruses and Bone Tumors 
( 


Oncogenic viruses in animals have been 
under intensive study. Support for viral 
causation of bone neoplasia in mice, rats 
and hamstets, comes from the apparent 
induction of tumors," the finding of virus 
particles in human” and animal tumors,” ° 
biochemical studies of the nucleoproteins in 
affected cells,°38 and immunologic evidence 
for antibodies to tumor cells.** 89 It has been 
suggested that malignant transformation 
of cells following ionizing irradiation may 
be related to viruses latent within the cells 
until activated by the physical agent.®:17 
“Latency” of viruses may actually repre- 
sent a virus-host equilibrium. The possi- 
bility of viral causes for human cancer has 
been the focus for many investiga- 
tions,'®:5.188 but unequivocal evidence of 
viral causation for human cancer has not 
yet been forthcoming.*® 


DISCUSSION 


The question to which we have addressed 
our inquiry is whether or not viral diseases 
of bone exist. If the answer is yes, we must 
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Fic. 22. Histologic cross section of bone affected by 
avian osteopetrosis. The normal compact bone is 
to the right, spongy subperiosteal new bone is on 
the left. A minute portion of affected periosteum is 
seen in the upper left corner. With permission 
from Simpson and Sanger.} 
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ask what are they and why are they not 
better known? Are bones résistant to viral 
infection, and if so, does this resistance have 
any preventive or therapeutic implications 
with respect to other viral djseases? Are 
there other conditions which should be in- 
-vestigated for viral factors in their occur- 
rence? And can roentgenographic examina- 
tion add new dimensions to viral diseases 
in which clinical signs are lacking in the 
skeletal system? Even more basic, is there 
a need for more histologic (including elec- 
tron microscopic) investigation of skeletal 
structures in “routine”? necropsy material, 
and for efforts to identify viral agents in 
bone from biopsy as well as necropsy 
specimens? 

The experimental studies cited leave 
little doubt that viruses can have patho- 
logic effects on growing bone which repre- 
sent induced viral disease of bone. The 
question of whether or not they act directly 





Fic. 23. Necrotic primary spongiosum in tibia of 
kitten six days after intravenous inoculation 
with feline herpesvirus. Note widespread pyknosis 
and karyorrhexis of bone cells. From Hoover and 
Griesemer.*8 
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Fic. 24. Periosteal and subperiosteal necrosis (be- 
tween arrows) in femur of kitten six days after 
intravenous inoculation with feline herpesvirus. 
Compare with Figure 14. From Hoover and 
Griesemer.*8 


or through intermediary factors (vascular, 
chemical, metabolic, etc.) is immaterial; in 
the presence of virus, reproducible altera- 
tions of bone occur which are different from 
the changes occurring in health. Therefore, 
virus diseases of bone do exist in the 
laboratory. 

Likewise, smallpox does cause bone dis- 
ease as described so clearly by the authors 
whose personal observations have provided 
the material for this presentation. The re- 
petitive pattern of clinical signs and roent- 
genographic features described by most 
observers,”!:27—29.40,41,82,79,80 suggests a Com- 
mon causal agent different from the usual 
bacterial osteomyelitis which demonstrates 
a different, and also repetitive, constella- 
tion of clinical and roentgenographic signs. 
Even the case described by Huenekens and 
Rigler® in which roentgenographic features 
were relatively mild would not be expected 
to be caused by pyogenic complication 
considering that the disease occurred prior 
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to the era of specific antibacterial therapy 
when pyogenic osteomyelitis ran a quite 
different clinical course than it does today. 

The association of vaccinia infection with 
clinical and roentgenologic signs of infantile 
cortical hyperostosis,”®:** if causally related, 
may indicate only that vaccinia virus is one 
of several which can cause infantile cortical 
hyperostosis. There may be a latent virus 
which can be activated by vaccinia, among 
other agents. The current interest in 
“slow virus” infection may have an ap- 
propriate field to explore in Caffey disease. 
However, we cannot overlook the role of 
size of viral inoculum in the disease, as 
stated by Buddingh.® 

The bone lesions of rubella and cyto- 
megalic inclusion disease are usually at- 
tributed to “nutritional” effects of infec- 
tion. Bone lesions are not necessarily a new 
manifestation of rubella; they have prob- 
ably only been newly recognized. Cooper 
et al?! cite a personal communication from 
Dr. G. W. Mellin to the effect that typical 
changes were seen in films of patients with 
congenital rubella syndrome in 1951 and 
1955. The enormous capacity of bones to 
remodel (viz., disappearance of lesions with- 
in weeks to months) could easily obscure 
the true incidence of bone involvement. 
Infants infected early im utero might have 
gone through the sequence of bone disease 
and recovery by the time they were pre- 
sented to medical scrutiny. 

The current activity in exploration of the 
Epstein-Barr and other herpesviruses offers 
to provide new understanding of conditions 
like infectious mononucleosis, and via lym- 
phoma studies, other less benign hemato- 
logic disorders. Coupled with appropriate 
use of clinical roentgenographic procedures, 
they may lead to better understanding of 
Caffey disease, cat scratch disease, and 
conditions like generalized fibromatosis of 
the newborn, cherubism, hyperphospha- 
tasemia, and other disorders of unknown 
cause affecting bone. One might even ask if 
congenital pseudarthroses could be a suit- 
able subject for this type of study, in view 
of the evidence that virus proliferated in 
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healing osseous wounds of adult hamsters, 
interfering witH callus formation and sub- 
periosteal osteogenesis. 

The review by Altshuler and Russell! 
on chronic igtrauterine infection suggests 
that careful study of the placenta for evi- 
dence of viral disease may indicate infants 
in whom investigation for virus disease of 
bone may be especially rewarding. An in- 
creased frequency of careful examination 
of the skeletal system in routine necropsies 
can be assisted significantly in the recogni- 
tion of virus diseases of bone by electron 
microscopy techniques. The rapid diagnosis 
of small pox by electron microscopy has 
been current for some time?’ and the diag- 
nosis of other viral diseases, e.g., gastro- 
enteritis, ocular infections, respiratory in- 
fections, etc., is now a routine function in 
some electron microscopy laboratories.® 5 

In the background stands the challenge 
of neoplastic disease of bone in relation to 
viruses. Many orthodox microbiologic con- 
cepts derived from studies of bacteria do 
not apply in the field of virology. The 
limitations of Koch’s third and fourth 
postulates with respect to experimental 
transmission of disease in humans are real. 
Dalldorf® indicates that the first two are 
also of little value to the virologist. The 
virus cannot be grown żin vitro in the ab- 
sence of living material; and the lesions 
induced by a virus inoculated into an 
experimental animal may bear little re- 
semblance to the primary disease. A virus 
which may cause a recognizable disease in 
one species of animal may produce a neo- 
plasm in another.®? 

To summarize the literature which has 
been reviewed on the subject of viral infec- 
tions and bone disease, we can say there 
is good evidence for bone involvement in 
smallpox and a strong suggestion that it 
also occurs in vaccinia. Bone changes are 
not described in varicella although evidence 
of the presence of virus within the marrow 
has been established and a possible in- 
stance of arthritis has been reported. Al- 
most specific, roentgenologically demon- 
strable bone lesions are seen in a high per- 
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centage of infants affected with trans- 
placental rubella, and defiñite involvement 
of joints occurs in natural rubella as well 
as in the modified form of the disease that 
is induced for vaccination purposes. Roent- 
genologically demonstrable bone lesions 
after infancy have not been reported in 
rubella. In cytomegalic inclusion disease of 
newborn infants (acquired intragestation- 
ally as in rubella) roentgenologically de- 
monstrable lesions are seen which are in- 
distinguishable from those due to rubella. 
Lymphogranuloma infection can be associ- 
ated with bone lesions; periosteal reaction 
has been described in infectious mononu- 
cleosis. Infantile cortical hyperostosis and 
cat scratch fever are conditions in which 
bone lesions occur but a cause, viral or 
otherwise, has not been established. Avian 
osteopetrosis is a distinct viral disease of 
bone and several forms of virus, including 
H-1 and feline herpesvirus, can produce 
skeletal lesions in experimental animals, 
but roentgenographic features of this in- 
volvement have not yet been described. 
The role of viruses in the production of 
bone tumors is suggested but unproved. 
The pediatric radiologist is in an advan- 
tageous position to contribute to the as yet 
unanswered questions. Viruses appear to 
have a predilection for actively proliferat- 
ing cells, and actively proliferating cells 
are found more commonly in the infant and 
child than in the adult. If we can exercise 
the same intellectual curiosity and sharing 
of these discoveries which the exercise 
produces as Dr. Neuhauser did in his ex- 
ploration of a disease produced by the 
common puftball—lycoperdonosis—we too 
may have an opportunity to expand the 
knowledge of human health and disease. 


Division of Roentgenology 

Children’s Hospital Medical Center 
University of Cincinnati College of Medicine 
Cincinnati, Ohio 45229 
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LOSS OF COLONIC HAUSTRATION IN 
PROGRESSIVE SYSTEMIC SCLEROSIS# 
By WILLIAM MARTEL, M.D.,f STANLEY F. CHANG, M.D.,t 
and MURRAY R. ABELL, M.Q} 


ANN ARBOR, MICHIGAN 


ABSTRACT: 


Complete loss of colonic haustration was observed in six cases of progressive 
systemic sclerosis. Varying degrees of haustral loss or sacculation were noted in 
twelve others. An increase in colonic length was characteristic and, occasionally, 


there was slight to moderate generalized dilatation. 


Correlation of these findings 


with the microscopic appearance of the colon showed that muscular atrophy and 
fibrous replacement were consistent findings, varying in degree. Although the data 
are insufficient to permit definite conclusions, it is suggested that these changes may 
be responsible for colonic lengthening and loss of haustration. Attention is drawn to 
the importance of not confusing this appearance with other conditions, particularly 


chronic ulcerative colitis. 


LTHOUGH sacculation of the colon is 
a well known feature of progressive 
systemic sclerosis,8-!%!7_ loss of colonic 
haustration is not widely recognized as a 
manifestation of this disease. Recognition 
of this association is important to avoid 
confusion with other conditions which may 
exhibit loss of haustration. This report con- 
cerns the roentgenologic and microscopic 
findings in the colon in 20 patients, eight of 
whom came to necropsy. Six patients had 
severe loss of colonic haustration on barium 
enema examination, twelve had varying de- 
grees of haustral loss or colonic sacculation 
and two had no colonic abnormality. 


MATERIAL AND METHOD 


Severe loss of colonic haustration was 
observed in five cases of progressive sys- 
temic sclerosis at the University of Michi- 
gan Medical Center from 1969 to 1975. 
This observation prompted a study of the 
colon in these cases and 1¢ others with this 
disease. The latter were derived as follows. 
Nine were selected from the files of the 
Department of Radiology because they 
had “abnormal barium enema examina- 
tions.” An additional six were selected 
from a group of 13 necropsied patients 
with proved scleroderma because barium 


enema examinations were available for 
retrospective study. Necropsy had also 
been performed in one of the original five 
cases and one of the nine cases selected 
from the files of the Department of Radiol- 
ogy (Cases 2 and 14, respectively). The 
medical records and roentgenograms were 
reviewed in all 20 cases and the microscopic 
appearance of the colon was studied in 
retrospect in the eight patients in whom 
necropsy had been performed. The patho- 
logic material was obtained by random sec- 
tions of the colon at the time of necropsy. 
All cases were classified into four groups 
according to the predominant roentgeno- 
logic abnormality in the colon as follows: 
Group 1, ahaustral; Group u, relatively 
ahaustral; Group m1, sacculation, charac- 
teristic of scleroderma; and Group 1v, 
normal. The roentgenologic appearance of 
the colon in each case was correlated with 
clinical and roentgenologic manifestations 
of the disease and microscopic findings in 
the colon. Necropsy was done in all cases 
within eight hours of death and within four 
hours for five of the eight. Hematoxylin 
and eosin, Masson’s trichrome, and silver 
reticulin stains were done on tissue sections 
from each colon. The histologic changes in 
the mucosa, muscularis mucosae, sub- 


* From the Departments of Radiology, and Pathology,t The University of Michigan Medical Center, Ann Arbor, Michigan. 
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TABLE Í 
CLINICAL AND ROENTGENOLOGIC FEATURES IN 20 CASES OF PROGRESSIVE SYSTEMIC SCLEROSIS 
soe ae al S — ae - 
Duration Roentgenologic Abnormalities 
Before oe R g’ 
as Gui Ageat Barium pathologic aynaud’s 
P Onset E Data Phenomenon Duodenum Small Esophagus Hands Lungs 
Te ” Bowel 
Examination 
sean cli arty emda 
I I 22 I a ap T + T a as 
2 I 50 3 Skin bx — — + + n.f. — 
3 I 22 30 è F - a P + + 
4 I 39 8 Necropsy + — + + n.f. — 
5 I 27 22 E + = ap + T + 
6 I 35 37 Skin bx + + + + + 
a l =e 
7 II 23 I Skin bx ia + + T P me 
8 II 47 8 Necropsy + — + + + -+ 
9 II 16 29 Necropsy + s s T Si + 
IO II 37 3 Necropsy + + n.f. + n.f. -= 
II II 48 9 = + = — F + — 

12 II 58 2 Necropsy sý + + + za + 
a aaaaaaaIaIaIaaaMIMMIMMlMlMi 
13 III 39 10 — + — — + n.f. — 

14 Ill 48 4 =i + a ai Eg = _ 

15 II 42 7 =“ + - + + — — 

16 III 27 12 — + — — = a — 

17 III 39 13 Necropsy + si - P n F 
18 III 30 å — + F e g = — 
ee al 
19 IV 34 3 Necropsy + — —- — + L- 

20 IV 63 2 Necropsy + — — — =- =- 
a a aa Eee 

bx= biopsy. 


n.f.= no films. 
Duration=in years. 


mucosa, muscularis propria, and myenteric 
plexus were assessed, and their severity 
graded on a scale of +1 to +4. 


RESULTS 


There were six patients in Group I, in- 
cluding the five who were originally ob- 
served, six in Groups 11 and 111 respectively, 
and two in Group tv (Table 1). The ages of 
the patients at the time of initial symptoms 
of the disease, duration of disease prior to 
colon examination and roentgenologic evi- 
dence of involvement of other segments of 
the alimentary tract, hands and lungs were 
documented (Table 1). There was no sig- 
nificant difference in ages at the time of 
colon examination or at onset of disease 
between these patients. All with colonic 
abnormalities had esophageal involvement 
and virtually all in Group 1 had character- 
istic changes in the small intestine. The 
hands and lungs were affected in the two 
patients with a normal colon but other 


portions of the alimentary tract were not 
examined. Cases 1 and 7 had the disease for 
only one year prior to the roentgenologic 
demonstration of colonic abnormality. The 
majority had severe disease of long dura- 
tion. Seventeen had a clearly documented 
history of Raynaud’s phenomenon. This 
was questionable in one case and was not 
mentioned in two others. The diagnosis of 
scleroderma was verified histologically by 
skin biopsy in three of the twelve patients 
in whom necropsy was not performed. The 
clinical picture was typical of the disease in 
the remaining nine. All had characteristic 
roentgenologic lesions in the esophagus, and 
the small intestine was affected in four, the 
fingers in four, and the lungs in two. 

These patients had relatively few in- 
testinal symptoms, despite severe involve- 
ment of the alimentary tract. The clinical 
indication for barium enema examination 
in most cases was to evaluate the extent 
of visceral involvement rather than in- 
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Fic. 1. Case 1. (4) 1965. Loss of colonic haustration, one year after the onset of symptoms of progressive 
systemic sclerosis. (B and C) 1968. Pre- and postevacuation films showing ahaustrum-like appearance in 
the ascending colon and a normal over-all mucosal pattern. (D) 1974. Loss of haustration is again evident, 
associated with slight dilatation in the transverse segment. The ascending colon and cecum contain feces 
and are not fully distended. Additional views at this time showed the ascending colon moderately dilated 
with some saccule formation and minimal haustration. Note colonic redundancy, presumably due to 


elongation. 


testinal symptomatology. Constipation and 
diarrhea were occasionally noted but these 
symptoms were neither severe nor chronic. 
Continuous cathartic therapy was not em- 
ployed in any case and bloody stools or 
melena were not observed. Various medica- 
tions had been employed, including potas- 


sium para-aminobenzoic acid (POTABA), 
reserpine, myocholine, and dibenzylene. 
None of these medications was given consis- 
tently with the exception of POTABA.!8 
However, in one patient in Group 1 (Case 1) 
the loss of colonic haustration was evident 
prior to the initiation of POTABA therapy. 
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Fie. 2. Case 3. (4) 1966. Colonic haustration is essentially absent except in the ascending colon. (B and C) 
1967. Pre- and postevacuation films. Loss of haustration is again evident but the mucosal pattern is nor- 
mal. The patient had intermittent, moderate constipation at this time which did not require continuous 
cathartic therapy. 
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Fic. 3. Case 4. Complete loss of haustration and re- 
dundancy of the colon, eight years after onset of 
disease. Necropsy three years later showed 4+ 
atrophy and fibrosis of the muscularis propria. 
Irregular filling defects in the transverse colon and 
splenic flexure were due to fecal material. 


Loss of haustration was most obvious 
roentgenologically in the transverse and 
descending portions of the colon. Although 
haustration was usually diminished in the 
ascending colon, it tended to persist in this 
segment, even when completely absent in 
the transverse colon (Fig. 1B; 2, 4 and B). 
Redundancy of the colon, associated with 
elongation, was a significant feature, par- 
ticularly in Groups 1 and u (Fig. 1; 5; and 
6). This was difficult to evaluate in view of 
the wide variation in the length of the nor- 
mal colon. Nevertheless, it was conspicuous 
in six patients (Cases 1, 4, 6, 9, 10, 12) and 
was less marked and of equivocal signifi- 
cance in seven others. There was general- 
ized, minimal to moderate dilatation of the 
colon in four patients (Cases 1, 2, 6, 10) 
(Fig. 5). In no case was the colon fore- 
shortened or clearly reduced in caliber. It 
was often difficult to evaluate the presence 
of colonic sacculation in those cases where 
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there was loss of haustration. Nevertheless, 
sacculation, superimposed on partial or 
complete loss of haustration seemed to be 
evident in at least three patients (Cases E 
11, 12). In these cases the saccules seemed 
to differ frorf haustra in that the separation 
between saccules tended to be shallow, the 
saccules themselves varied in orientation ` 
and diameter and the wall opposite the sac- 
cules was devoid of haustration (Fig. 6). 
Table 11 shows the correlation of the 
roentgenologic and microscopic changes in 
the colon in the eight patients in whom nec- 
ropsy was performed. Of the eight, one 
proved to be in Group 1, four in Group n, 
one in Group 111, and two in Group tv. The 
interval between roentgenologic examina- 
tion of the colon and necropsy was one 
year or less in five of the eight. The only 
consistent histologic findings were atrophy 
and fibrosis of the muscularis propria 
(Table 11). These were patchy, variable in 





Fic. 4. Case 5. There is loss of colonic haustration. 
Note the large wide-mouthed sacculations at the 
superior aspect of the transverse colon (arrows). 
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Fic. 5. Case 6. (4) 1966. The colon is redundant and slightly dilated. The haustra are poorly developed in 
the transverse colon. Note the sacculation in the sigmoid and descending colon (arrows). (B and C) 1974. 
Posteroanterior and anteroposterior views. There are dilatation and marked lengthening of the colon. 
The transverse colon (large arrows) is ahaustral. Sacculation is evident in the sigmoid and descending 
segments (small arrows). Note absence of haustra on wall opposite these saccules. 
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Fic. 6. Case 12. Sacculation is prominent at the in- 
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severity, and involved both muscular coats. 
In one patient (Case 4), the changes were 
severe, resulting in considerable loss of 
muscle mass (Fig. 7). In four patients 
(Cases 10, 12, 17, 19) atrophy was of mod- 
erate severity but in only one of these was 
there an equivalent degree of fibrosis. The 
changes were minimal in the remaining 
patients. Hypertrophy of the nerves of the 
myenteric plexus with perineural fibrosis 
was marked in one case (Fig. 8), moderate 
in two, and minimal or absent in the others. 
There were no mucosal changes of chronic 
idiopathic ulcerative colitis. Non-specific 
subserosal fibrosis was present in two pa- 
tients. Vascular sclerosis in the form of 
intimal fibrosis was minimal and non- 
specific; there was no vasculitis. 


ferior aspect of the transverse colon. The separa- 
tions between the individual saccules are shallow 
and the latter vary in orientation and diameter. 
The superior aspect is devoid of haustration. Note 
colonic redundancy. 


DISCUSSION 


Atrophy and fibrous replacement of the 
smooth muscle of the alimentary tract is a 


TABLE II 


CORRELATION OF ROENTGENOLOGIC AND MICROSCOPIC CHANGES IN COLON IN 
EIGHT CASES OF PROGRESSIVE SYSTEMIC SCLEROSIS* 


2. aaa ooo 








Interval 
Between 
Roent- Barium ee Hypertrophy a ee Atrophy | Fibrosis Hypertrophy Bernal 
Case genologic Enema i Muscularis A Muscularis Muscularis Myenteric . 
~.: Ulceration Fibrosis ; i i Reaction 
Features Examination Mucosae Propria Propria Plexus 
and 
Necropsy 
Eee en 
4  Ahaustral 2 yr 10 mos No -+ + ++++ ++++ o O 
a ee 
8 Relatively 9 yrs5mos_ Acute o Oo + a rs O O 
ahaustral superficial 
ulcers 
TŘ ge ed a ai UO 
9 Relatively I yr No o fo) + aa -+ O 
ahaustral 
siren mene Ě ee ee ee ee 
10 Relatively 2 da Chronic + a +F ++ = ae ig zu 
ahaustral cecal 
c sacculation ulcer 


; : Se ee a a e aes 
12 Relatively 3 mos No o) fo) ++ + -+ Oo 
ahaustral 
c sacculation 


Se renee pete tent 


17 Sacculation 8 yr No O O ++ oe ++ ++ 
Sree ea ee aN a ee eel eee eee Pe ee 

19 = Normal 3 mos No o o ++ + +++ o 
A 

20 Normal 8 mos No O o) + + + o 








* Grading: +1 to +4 according to severity. 
+ equivocal significance. 
O not present. 
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hallmark of progressive systemic sclerosis. 
This was quite remarkable in one case and 
was a significant feature in four others 
which came to necropsy, suggesting that it 
is a factor in causing the ahaustral pattern. 

The colon contains a complete outer 
longitudinal muscle layer which is thick- 
ened into three bands, the taeniae coll. 
These are most prominent in the ascending 
and transverse segments. Sectioning of the 
longitudinal muscle apparently causes loss 
of haustration and elongation of the bowel 
in that segment.” The colonic lengthening 
seemed to be associated with loss of haus- 
tration. This supports the view that the 
latter is due to alteration in the muscle 
fibers of the taeniae. 

It has been suggested that the wide- 
mouthed sacculation of the colon, typical 
of this disease,**” represents a gradual 
‘blow out? phenomenon, secondary to 
focal fibrous replacement of muscle. Indeed 
Heinz et al.° showed that there were 
atrophy and fibrous replacement of muscle 
at sites of sacculation. On this basis, one 
may postulate that loss of haustration is 
due to more complete and continuous 
fibrous replacement of the muscularis pro- 
pria. This was suggested by the more se- 
vere muscular atrophy and fibrosis in Case 
4. However, our pathologic findings are not 
altogether conclusive. The fact that this 
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Fic. 7. Case 4. Full thickness section of wall of colon. 
Mucosa with dark-staining muscle of muscularis 
mucosae in upper field. Severe atrophy of muscu- 
laris propria which is faintly stained due to marked 
loss of muscle cytoplasm. Masson’s trichrome 
stain X40. 
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Fic. 8. Case 19. Marked hypertrophy of myenter1 
plexus with perineural fibrosis across center of 
field. Marked atrophy of outer muscular coat 
above the plexus. H & E X120. 


was a retrospective study in which there 
was random sampling of the colon is im- 
portant. It is significant, for example, that 
the microscopic sections in Case 19 showed 
definite atrophy and fibrosis of the muscu- 
laris propria but the colon appeared nor- 
mal on roentgenologic examination. It is 
possible that other factors play a role. A 
complex microscopic meshwork of con- 
nective tissue invests both the circular and 
longitudinal muscle and forms connections 
between them.” Alterations in this con- 
nective tissue network may cause a func- 
tional imbalance between the actions of 
the circular and longitudinal muscle layers. 
The significance of hyperplasia of the my- 
enteric plexus is not clear. Its occurrence in 
patients who did not have an abnormal 
haustral pattern (Case 19), and its absence 
in others who did, suggests that it does not 
cause the latter. Such hyperplasia has pre- 
viously been noted, both in the esophagus 
and colon,’ but has apparently not been 
emphasized. It may be secondary to peri- 
neural fibrosis or, possibly, it is related to 
the presence of abnormal neurohumeral 
substances. This is apparently not related 
to the severity of the muscular atrophy and 
fibrosis. This, too, could reflect the method 
of sampling the colon. Such hyperplasia 
was noted in a case of cathartic colon in 
which there was also hypertrophy of the 
muscularis mucosae.! However, the sig- 
nificance of such hyperplasia is also uncer- 
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tain in this condition inasmuch as Clain 
et al.‘ also observed thickening of the mus- 
cularis mucosae in such a case, but in this 
instance the myenteric plexus was normal. 
Dabich eż a/.* have suggested that in pro- 
gressive systemic sclerosis there is an un- 
derlying autonomic disorder associated With 
derangement in the degradation of sero- 
tonin and norepinephrine. Inasmuch as 
vasculitis has been repeatedly documented 
in the wall of the bowel,” it is conceivable 
that loss of haustration is an indirect result 
of repeated episodes of focal mural necrosis. 
There was no evidence for this in our patho- 
logic material, however. There was no evi- 
dence that the loss of haustration was re- 
lated to drug therapy. Inasmuch as three 
patients in Group 1 had multiple barium 
enema examinations, years apart, all show- 
ing loss of colonic haustration, the latter 
probably represents a fixed morphologic 
alteration. Nevertheless, it would be of 
interest to employ a drug such as reserpine 
to determine whether this loss of haustra- 
tion is reversible. 

Loss on colonic haustration has previ- 
ously been noted in this disease but it has 
apparently not been emphasized. Peachey 
et al. observed loss of haustration in four 
cases. They noted localized and generalized 
colonic dilatation but lengthening of the 
colon was not described. In one case 
Harper and Jackson® observed a transfor- 
mation from colonic sacculation to dilata- 
tion and atony. Hale and Schatzki,® in 
describing the roentgenologic appearance of 
the gastrointestinal tract in scleroderma, 
noted two cases 1n which there were altera- 
tions in the transverse colon with super- 
imposed sacculation. They stated, “in 
many respects the appearance was similar 
to that seen in ulcerative colitis and re- 
examination two weeks later showed no 
change. Sigmoidoscopy failed to show evi- 
dence of ulcerative colitis.” In this regard 
two case reports of “chronic ulcerative 
colitis” occurring in scleroderma are of 
interest.™”® Review of these raises a question 
as to whether these patients did indeed 
have chronic ulcerative colitis. Intestinal 
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malabsorption, associated with diarrhea, 
Is a recognized complication of this dis- 
ease" and vasculitis may in some in- 
stances lead to colonic infarction!” and 
rectal bleeding. In view of these considera- 
tions, it is infportant that radiologists not 
be confused by a loss of haustral pattern, 
should it occur, and erroneously diagnose 
ulcerative colitis in such cases. 

Conditions which should be included in 
the differential diagnosis of “‘loss of colonic 
haustration” are chronic ulcerative colitis, 
cathartic colon, amyloidosis, and Fabry’s 
disease. All of our cases with colonic ab- 
normality had involvement of the esopha- 
gus and small bowel. This suggests that if 
the latter structures are normal, the diag- 
nosis of progressive systemic sclerosis is 
unlikely. None of our cases had foreshort- 
ening or significant narrowing of the colon, 
features which one might expect in ad- 
vanced stages of ulcerative colitis, associ- 
ated with loss of haustration. In cathartic 
colon, the changes are most marked in the 
proximal portion, particularly the ascend- 
ing segment and terminal ileum. In this 
condition the ascending and transverse seg- 
ments tend to be foreshortened and dilated, 
as well as ahaustral, and the terminal ileum 
is often dilated. Amyloidosis may cause 
complete loss of haustration but rarely is 
this an isolated finding, and there is usually 
evidence of involvement of the small in- 
testine and other viscera. Loss of haustra- 
tion has been described in Fabry’s disease 
(glycosphingolipid lipidosis),!* but the clin- 
ical findings secondary to involvement of 
the kidneys, heart, skin, and central ner- 
vous system are so characteristic that, for 
practical purposes, this does not present a 
problem in differential diagnosis. 

Occasionally, individuals, usually elderly 
and otherwise normal, exhibit unexplained 
loss of haustration in the transverse and 
descending portions of the colon. In these 
cases the haustral loss is usually slight or 
moderate. This raises a question as to the 
significance of “relative loss of haustra- 
tion” in cases in Group 11. Although this 
could have been a coincidental finding in 
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some instances, we are proposing that 
complete loss of haustration as shown in 
Group 1 cases (Fig. 1), particularly when 
it occurs in young or middle-aged indi- 
viduals, is significant and due to morpho- 
logic or functional alteration?in the colon 
due to the disease itself. This view is sup- 
ported by the sequential changes in Case 6 
over an eight year interval (Fig. 5). The 
fact that there was fairly complete evacua- 
tion of the barium in some individuals in 
Group 1 (Cases 1, 2), does not, in our opin- 
ion, necessarily preclude our concept of 
such alterations in the colon. Patients with 
quiescent chronic ulcerative colitis char- 
acteristically exhibit a similar loss of haus- 
tration but usually retain the ability to 
evacuate the colon on barium enema exam- 
ination. 


William Martel, M.D. 

Department of Radiology 

University of Michigan Medical Center 
Ann Arbor, Michigan 48104 


The authors are indebted to Drs. Chris 
Zarafonetis and Lyubica Dabich for mak- 
ing these patients available. 
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ROENTGEN FINDINGS IN AORTO-ENTERIC FISTULA E* 


By GEORGE M. WYATT, M.D., MICHAEL I. RAUCHWAY, M.D., and HAROLD B. SPITZ, M.D. 


CINCINNATI, OHIO 


ABSTRACT: 


Six cases of aorto-enteric fistulas are discussed. In three patients the aorta rup- 
tured into the duodenum and in three there was rupture into the esophagus. Aorto- 
enteric fistula is usually caused by atherosclerosis, but may also be due to syphilis or 
tuberculosis. Following insertion of an aortic graft, fistula is usually the result of 
breakdown of the anastomosis. Gastrointestinal bleeding usually heralds the prob- 
lem. The roentgen signs of rupture are pressure on the esophagus or intestine, bleed- 
ing into the wall or lumen, and demonstration of the fistula. The abnormal connec- 
tion may not be demonstrable by aortography. These signs permit early diagnosis 
and subsequent possible life saving surgical correction. 


UPTURE of the aorta into a portion of 
the alimentary tract is indeed a dra- 
matic medical event. That this need not be 
immediately lethal to the patient is of great 
importance in establishing diagnostic cri- 
teria that may permit life saving surgical 
correction of this condition. 

In this paper three patients will be dis- 
cussed in whom the aorta ruptured into the 
duodenum. These cases will serve as a re- 
minder of the more frequent clinical situa- 
tions encountered. In addition, three pa- 
tients in whom there was aorto-esophageal 
perforation will be presented. This situa- 
tion is more rare and not previously re- 
ported in the roentgenological literature. 
Roentgen findings in all the patients will be 
discussed with special emphasis on the 
roentgen signs of aorto-esophageal perfora- 
tion. 


REPORT OF CASES 


Case 1. D.L. A 64 year old male was admitted 
following the sudden onset of weakness and 
massive hematemesis. Three years prior to ad- 
mission an atherosclerotic abdominal aortic 
aneurysm had been resected and an aortic 
homograft had been inserted (Fig. 1). 

An emergency upper gastrointestinal series 
revealed extrinsic pressure on the gastric an- 
trum from a hematoma in the retrogastric 
space. A linear opacity of barium was visualized 
in the area of the.descending duodenum which 
possibly lay in the area of communication 


between the ruptured suture line of the graft 
and the duodenum (Fig. 2). The duodenal folds 
were effaced and the duodenal bulb and loop 
were filled with clot (Fig. 3). Extrinsic pressure 
was also seen on the third portion of the 
duodenum. Following completion of this study 
the patient had an episode of projectile 
hematemesis. Emergency surgery was per- 
formed revealing aneurysmal dilatation of the 
aortic homograft with rupture into the third 
portion of the duodenum. The aneurysm was 
repaired locally and the duodenum resected 
with an end to end anastomosis. 


Case 11. This 73 year old woman entered the 





Fic. 1. The bifurcation graft is demonstrated by 


aortography. The anastomoses (arrows) are intact 
with no extravasation. 


* From the Department of Radiology, Cincinnati General Hospital, University of Cincinnati Medical Center, Cincinnati, Ohio. 
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hospital in stupor. A blood sugar of 710 mgm 
percent was found. Following intravenous 
fluids and insulin she began to awaken. Physical 
examination revealed a non-tender but dis- 
tended abdomen. The liver margin was de- 
pressed by 4 cm. Four days afte admission a 
nasogastric tube was passed for persistent ab- 
dominal distention and coffee ground material 
was aspirated from the tube. The patient im- 
proved. The abdomen was soft and bowel 
sounds were normal. She complained of ab- 
dominal fullness. Twelve days after admission 
she developed fever, tachycardia and shortness 
of breath, and mild abdominal tenderness de- 
veloped on the following day. The upper gastro- 
intestinal series revealed an aneurysm with 
calcification in the wall (Fig. 4). There was ex- 
trinsic pressure on the distal third portion of 
the duodenum. The folds of the duodenum in 
this area were effaced (Fig. 5). There was no 
definite ulceration seen and there was no filling 
of the clotted aneurysm with barium. The 
hematocrit fell from 39 to 30. Massive hema- 
temesis ensued with further drop in hematocrit 
to 24. The patient developed cardiac arrest but 
was resuscitated. Shock developed and the 
patient died 18 days after admission. 


Case m1. C.B. This 62 year old white male 
was admitted on September 6, 1973, with the 
complaint of twelve hours of rectal bleeding, 
the fifth such episode in the preceding ten 





Fie. 2. A linear opacity of barium (small arrow) is 
visualized in the area of the descending duodenum 
which possibly lies in the tract between the rup- 
tured suture line of the graft and the duodenum. 
There is extrinsic pressure on the gastric antrum 
and third portion of the duodenum (large arrows) 
from hematoma in the retrogastric space. 
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Fic. 3. The duodenal folds are effaced and the 
duodenal bulb and loop are filled with clot. 


months. The past history included an aorto- 
femoral bypass graft and superior mesenteric 
artery jump graft in 1968 for arteriosclerotic 
vascular disease. An episode of rectal bleeding 
in August, 1973 necessitated operative inter- 





Fic. 4. An aneurysm with calcification in the wall 
(arrows) is seen in an area of extrinsic pressure on 
the third portion of the duodenum. The folds of 
the duodenum in this area are effaced. There is no 
definite ulceration seen and there is no filling of 
the aneurysm with barium. l 








Fic. 5. The spot film clearly demonstrates the ex- 
trinsic pressure on the third portion of the duode- 
num (arrows). 


vention, and exploration of the duodenum 
failed to demonstrate a bleeding site. The graft 
was examined and felt to be intact. A right 
colectomy was performed. During the final ad- 
mission in September, 1973 massive hema- 
temesis prompted re-exploration. An aorto- 
duodenal fistula was found and oversewn. The 
patient died one month later. The autopsy 
demonstrated infection of the graft site and 
peritonitis. 

The roentgen evaluation of this patient in- 
cluded an anteroposterior and lateral abdominal 
aortogram which failed to demonstrate a bleed- 
ing site (Fig. 6). An upper gastrointestinal 
series at the time of the original bleeding episode 





Fic. 6. An anteroposterior and lateral abdominal 


aortogram failed to demonstrate a bleeding site. 
The arrow indicates the anastomotic site. 
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showed extrinsic pressure in the third portion 
of the duodenum (Fig. 7). On the final admis- 
sion a repeat anteroposterior abdominal aorto- 
gram showed the graft to have a scalloped wall 
(Fig. 8) which was interpreted as a post- 
surgical change, since the area had been recently 
explored at the time of the right colectomy. 
Again no extravasation of contrast material 
was seen. 

Of particular interest in this case is the fact 
that the graft itself was the site of rupture into 
the duodenum, rather than at the anastomosis. 


Case tv. L.S. An 81 year old female was 
admitted to the hospital with severe chest and 
back pain of 24 hours’ duration. A large aneu- 
rysm of the descending thoracic aorta was 
demonstrated on chest roentgenograms (Fig. 9). 
A clinical diagnosis of ruptured aortic aneurysm 
with bleeding into the left pleural space was 
made. She was treated conservatively with 
multiple thoracenteses and blood transfusions. 
An upper gastrointestinal series revealed a 
hiatus hernia and displacement of the esopha- 
gus to the right by a large aneurysm (Fig. 10). 
The patient was discharged and re-admitted 
six weeks later with hematemesis associated 
with lower chest and upper abdominal pain 
radiating to the back. An upper gastrointestinal 
series revealed gross irregularity of the mucosa 







Fic. 7. The upper gastrointestinal series at the 
time of the original gastrointestinal bleeding 
episode shows extrinsic pressure on the third por- 
tion of the duodenum (large arrows). A jejunal 
loop is also slightly displaced (small arrows). 
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of the distal esophagus as well as the previously 
described displacement (Fig. 11). A spot film 
showed barium extravasation from the distal 
esophagus and mixture of the barium with the 
laminated clot in the aneurysm (Fig. 12). 
There was also a collection of barium in the 
mediastinum, outside both the area of the 
aneurysm and the esophagus indicating a per- 
foration of the ulcerated esophagus into the 
mediastinum as well as into the aneurysm. 
Three days after this the patient died. 

Autopsy revealed three aneurysms of the 
descending thoracic aorta. The largest measured 
64X 5 cm and it communicated posteriorly with 
the esophagus. The second aneurysm was on 
the left side of the aorta and was believed to 
have been the cause of the left hemothorax on 
the first admission. The right pleural cavity 
contained 1,200 cc of fluid and was covered 
by a thin gray chalky material thought to be 
barium. 


Case v. L.W. A 78 year old male was ad- 
mitted to the hospital with a three day history 
of inability to swallow fluids and food. There 
was intractable singultus. An aneurysm of the 
descending aorta had been present since 1959 





Fic. 8. On the final admission a repeat anteroposte- 
rior abdominal aortogram showed the graft to have 
a scalloped wall which was interpreted as a post 
surgical change, since the area had been recently 
explored at the time of the right colectomy. Again 
no extravasation of contrast material was seen. 
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Fic. 9. (4 and B) Posteroanterior and lateral chest 
roentgenograms on March 15, 1974 demonstrate a 
large, fusiform aneurysm (arrows) of the descend- 
ing aorta beginning above the carina and extending 
below the diaphragm. 


(Fig. 13). An upper gastrointestinal series 
three months prior to admission showed dis- 
placement of the esophagus to the right by 
the large calcified aneurysm unchanged from 
an examination in 1962 (Fig. 14). The serologi- 
cal test for syphilis was positive. An upper 
gastrointestinal series three days after admis- 
sion revealed extravasation of barium from the 
esophagus into the aneurysm and mixture of 
the barium with the laminated clot. There was 
also a collection of barium in the mediastinum 





Fic. 10. At the time of the initial bleeding episode 
the barium study shows displacement of the 
esophagus to the right by the large aneurysm and 
a small hiatus hernia, but no mucosal irregularity 
and no abnormality other than the displacement. 


which was outside the aneurysm and the 
esophagus (Fig. 15). Esophagoscopy demon- 
strated an extrinsic mass impinging on the 
esophagus. A thoracic aortogram revealed the 





Fic. 11. The upper gastrointestinal series on April 1, 
1974 shows gross irregularity of the mucosa of the 
distal esophagus (arrows) as well as the displace- 
ment. 
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neck of the clotted aneurysm but there was no 
extravasation of contrast material (Fig. 16). 
Massive hematemesis occurred on the ninth 
hospital day. The patient underwent emergency 
thoracotomy which revealed a 7 cm aneurysm 
arising fromethe anterior surface of the aorta. 
The aneurysm displaced the esophagus far to 
the right and a communication between the two 
structures was identified. Repair was attempted 
but the patient expired during the procedure. 


Case vi. D.C. The patient was admitted with 
a chief complaint of repeated episodes of vomit- 
ing of large amounts of blood. She had been in 
good health until one year prior to admission 
when she began to experience intermittent 
epigastric pain radiating around the costal 
margin. An upper gastrointestinal series at that 
time was reported as entirely normal. 

Hematemesis began three days prior to ad- 
mission and the patient was admitted from the 
receiving unit in shock. The initial hemoglobin 
determination was 11.4 grams which fell to 8.0 
grams during hospitalization. An upper gastro- 
intestinal series demonstrated complete ob- 
struction of the esophagus at the level of the 
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Fic. 12. A spot film of the distal esophagus shows 
barium extravasation from the esophagus and 
mixture of the barium with the laminated clot in 
the aneurysm. There is also a collection of barium 
in the mediastinum (arrows), outside both the 
area of the aneurysm and the gastrointestinal 
tract, indicating a perforation of the ulcerated 
esophagus into the mediastinum as well as into 
the aneurysm. 


VoL. 126, No. 4 


aortic arch and a large oval soft tissue mass 
could be seen in the posterior mediastinum and 
along the course of the esophagus and aorta 
(Fig. 17). A spot film suggested an intramural 
lesion (Fig. 18). The roentgenographic impres- 
sion was either carcinoma of the esophagus or 
an aneurysm eroding into the esophagus. 

The patient expired approximately 36 hours 
after admission. At autopsy the mid-portion of 
the esophagus was filled with recent and old 
blood clots. A large perforation, irregular in 
outline and approximately 2X3 cm in size, was 
noted on the posterior wall of the esophagus. 
Along the thoracic aorta a large break in the 
continuity of the wall measuring 4X2 cm was 
noted, representing an aneurysmal sac which 
had ruptured into the esophagus. 


DISCUSSION 


In a recent review of 131 cases of aorto- 
enteric fistula reported by Reckless eż al., 
atherosclerosis was found to be the most 
common cause, being reported in 61 per- 
cent of the patients. Other etiologies in this 
group included syphilis, tuberculosis, and 
mycotic aneurysms in about equal per- 
centages. In 17 percent of the group, the 
etiology was not reported. The average age 
of patients in this group was 60 years. 





Fic. 13. A curvilinear calcification (arrows) is seen 
in the wall of a saccular aneurysm of the descend- 
ing aorta. 
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Fic. 14. (4 and B) Extrinsic pressure on the esopha- 
gus by the aneurysm (arrows) is demonstrated. 


Atherosclerosis as the cause occurred in 
older patients, the average age being 67 
years. Seventy-seven percent of these cases 
occurred in males. In this series the most 
common site of the fistula was the third 
portion of the duodenum which accounted 
for 57 percent of the cases. The other por- 
tions of the duodenum accounted for an 
additional 24 percent of cases raising the 
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Fic. 15. Barium study at the time of bleeding shows 
barium mixed with the laminated clot in the 
aneurysm (arrows, 4) and a mediastinal collection 
outside the aneurysm (arrows, B). 


total number of aorto-enteric fistulas into 
the duodenum to 81 percent. The stomach, 
small bowel, and large bowel were about 
equal in incidence as sites of fistula in the 
remaining 18 percent. 

The third portion of the duodenum is 
fixed and closely opposed to the anterior 
wall of the aorta and this probably is the 
reason for the high incidence of fistulas at 
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this site. It seems likely that due to the 
fixation there is pressure necrosis of the 
duodenum at this site, and the enteric se- 
cretion then digests away the wall of the 
aneurysm to, produce the fistulous com- 
munication. 

In another series! in which the natural 
history of 230 aneurysms was studied, there 
were 79 syphilitic thoracic aneurysms that 
resulted in death. Three of these ruptured 
into the esophagus. There were eight fatal 
arteriosclerotic aneurysms, one of which 
ruptured into the esophagus and one into 
the duodenum. 

Ferris eż al? reported that 46 aorto- 
duodenal fistulas following aortic grafts 
had been reported up until 1965. These 
fistulas are usually the result of breakdown 
at the anastomosis between the atheroscle- 
rotic aorta and the graft. Gastrointestinal 
bleeding, abdominal pain, and back pain 





Fic. 16. The thoracic aortogram demonstrates the 
neck of the aneurysm and the calcification in the 
wall (arrows) but no extravasation of contrast 
material is seen. 
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were the most frequent presenting symp- 
toms. Hematemesis was present in 40 per- 
cent, melena in 40 percent, abdominal pain 
in 48 percent, lumbar back pain in 22 per- 
cent and a palpable abdominal mass on ad- 
mission in 56 percent. In some of these pa- 
tients gastrointestinal bleeding was not de- 
tected until after admission. 

Of interest is the elapsed time from the 
initial gastrointestinal bleed to death or 
surgery. Of 115 patients,’ this interval was 
less than six hours in 30 patients, seventeen 
had an interval of 6-24 hours, 31 an inter- 
val of one to seven days and 37 patients an 
interval greater than one week. 

Although the surgical treatment of this 
abnormality is attended by a high operative 
mortality rate, as high as 50 percent, and 
the complication rate of vascular surgery in 
an area of infection is also very high, there 
is no reported case of survival of this condi- 
tion without operative treatment. Eight of 
18 patients in one series survived.’ 





Fic. 17. A barium swallow demonstrates complete 
obstruction of the esophagus at the level of the 
aortic arch and a large oval soft tissue mass could 
be seen in the posterior mediastinum and along 
the course of the esophagus and aorta (arrows). 
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Fic. 18. The spot film shows the intramural type 
defect as well as the soft tissue density of the 
aneurysmal mass (arrows). 


The roentgen signs demonstrated by the 
fistulas into the duodenum in our three 
cases included primarily extrinsic pressure 
on the third portion of the duodenum. In 
one case the entire duodenum was filled 
with clot and the tract between the duode- 
num and the ruptured graft was filled with 
barium. In the other cases there was efface- 
ment of the duodenal folds in the area of 
extrinsic pressure. This combination of 
findings in a patient with severe upper gas- 
trointestinal bleeding should certainly raise 
the question of a fistulous communication. 
The failure to demonstrate the bleeding 
point by angiography should not exclude 
this possibility. Both anteroposterior and 
lateral aortograms should be obtained if 
angiography is done. 

The signs of aorto-enteric fistulas into 
the esophagus are dramatic. In two of our 
cases there was mixture of the barium with 
the laminated clot in the aneurysm. In ad- 
dition there was loculation of barium out- 
side both the aneurysm and the esophagus 
in the mediastinum. In one case there was 
obstruction of the flow of barium in the 
esophagus by what appeared to be an intra- 
mural defect, namely a sharply demarcated 
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MULTIPLE BENIGN URETERAL FIBROUS POLYPS* 


By FELIX A. HUGHES, III, M.D.,t:t and CHARLES S. DAVIS, Jr., M.D.§ 


VIRGINIA BEACH, VIRGINIA 


ABSTRACT: * 


Two cases of benign fibrous polyps of the wreter are reported with emphasis on 
the uroradiological features and methods of evaluation in the diagnosis of benign 
mesodermal tumors of the ureter. The apparently excellent results from conserva- 
tive surgery make the recognition and preoperative roentgenologic diagnosis of this 


entity mandatory. 


pe the increasing frequency of 
reports and articles in the urologic 
literature concerning benign mesodermal 
tumors of the ureter, little mention of be- 
nign fibrous polyps and their frequence has 
occurred in the roentgenologic literature. 
Two cases of multiple benign ureteral 
polyps are discussed with particular empha- 
sis on the roentgenologic appearance. Rec- 
ognition of this entity is important for the 
radiologist if only to alert his urologist col- 
league to the possible benign nature of the 
ureteral lesions which may make uretero- 
nephrectomy unnecessary. Multiple cases 
have now been treated using a conservative 
surgical approach without evidence of 
malignant transition or recurrence.’ 


REPORT OF CASES 


Case 1. G.C., a 31 year old white male, was 
admitted with left flank pain of recent onset. 
Laboratory data included microscopic hema- 
turia, but otherwise were normal. Pertinent 
urologic past history revealed spontaneous 
passage of left ureteral calculi five years prior 
to his current admission. 

Uroradiologic work-up included an excretory 
urogram (IVP), cystoscopy, and a left retro- 
grade pyelogram as well as fluoroscopic exami- 
nation and videotape recording of the left 
ureter utilizing a small catheter placed in the 
ureter at cystoscopy (Fig. 1, 4-C). Multiple 
smooth walled pedunculated tumors which 
exhibited all the criteria of benignity were 
demonstrated as well as obstruction and de- 
formity of the lower calyceal system secondary 
to associated calyceal and renal calculi. 

The patient underwent a left ureteral ex- 


* From the Departments of Radiologyt and Urology,§ General Hospital of Virginia Beach, Virginia Beach, Virginia. 
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ploration with surgical demonstration of the be- 
nign polyps (Fig. 2, 4). Frozen section con- 
firmed the benign nature of the mesodermal tu- 
mors (Fig. 2, B) and an excisional biopsy of the 
polyps was performed as well as a partial left 
nephrectomy for the associated renal lithiasis 
and severe secondary inflammatory changes. 

The postoperative course has been benign. 
A follow-up IVP demonstrated no recurrence of 
the ureteral tumors. 


Comment. This case is complicated by 
the association of the polyps with renal and 
ureteral calculi. Similar association was not 
found in the reviewed urological literature. 
Unfortunately, an IVP performed in Europe 
five years earlier was unavailable for 
review. 


Case 1. R.S., a 42 year old white male, pre- 
sented with gross painless hematuria. Labora- 
tory findings included microscopic pyuria as 
well as the hematuria, but were otherwise 
unremarkable. 

Uroradiologic work-up included an IVP and 
left retrograde pyelogram (Fig. 3, 4 and B). 
There was partial obstruction to the upper one- 
third of the left ureter and a suggestion of a 
filling defect on the IVP which was confirmed 
on the retrograde pyelogram. 

The patient underwent a left ureteral explo- 
ration with an excisional biopsy of the benign 
polyps. The surgical specimen and frozen sec- 
tion microscopic examination confirmed the 
benign nature of the multiple fibrous polyps 
and the conservative surgical approach was 
completed. One polyp measured 2.2 cm in 
length while the second was 1.8 cm long. 

There was an uneventful postoperative 
course and a recent follow-up [VP demon= 








C 
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Fic. 1. Case 1. (4) Initial excretory urogram demonstrates bilateral renal function with partial obstructive 
changes on the left as well as a suggestion of a ureteral filling defect in the upper one-third of the ureter. 
(B) Left retrograde pyelography confirms the presence of persistent filling defects within the ureter as well 
as demonstration of the renal and calyceal calculi in the lower one-third of the left kidney with associated 
calyceal deformity and infundibular obstruction. (C) Fluoroscopic spot films clearly demonstrate the mul- 
tiplicity, intraluminal position, pliability, mobility, and pedicle attachment of the benign fibrous polyps. 


strated prompt bilateral renal function with 
healing of the surgical incision near the left 
ureteropelvic junction. 


Comment. The initial pyuria was felt to 
be due to associated prostatitis. There is a 
relatively high incidence of associated uri- 
nary tract infection and benign fibrous 
polyps in the literature.’ 


DISCUSSION 


Microscopically, non-epithelial benign 
ureteral tumors are characterized by a sur- 
face layer of normal transitional epithelial 
cells and a stroma composed predominantly 
of various cells of mesodermal origin.'” 
Fibrous polyps are the most common in 
this category of tumors which include 
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fibro-epitheliomas, fibromas, fibrolipomas, 
leiomyomas, fibromyomas, vascular fibrous 
tumors, vascular epithelial polyps, cavern- 
ous hemangiomas and lymphangiomas.® 
No significant epithelial cellular atypia is 
° à . 9 ° 
present. Once this diagnosis is established 
by surgical biopsy and frozen section, a 
conservative approach can be taken by the 
urologist. Local resection, as the excisional 
biopsies in these cases, or segmental 
ureterotomy with reanastomosis and pres- 
ervation of the upper urinary tract 1s ade- 
quate for permanent therapy. 

Clinically, there is a wide spectrum of 
symptomatology and laboratory presenta- 
tion of benign ureteral polyps. This is some- 
what in contradistinction to malignant 
epithelial ureteral tumors where the triad of 
hematuria, colicy pain, and a palpable mass 
are generally seen. There is a definite pre- 
dilection for a younger population in any 
composite series of benign ureteral polyps. 
Indeed, there is a case report of a benign 
fibrous polyp in the newborn,’ as well as 
multiple cases in children,*® but the fourth 
and fifth decade appears to be the most 
common age group. 

Hematuria is present in over half of the 
reported cases of ureteral polyps, but sur- 
prisingly multiple cases without gross or 
even microscopic hematuria have been re- 
ported.? 813.14 Because of the relative infre- 
quency of total ureteral obstruction, only 
scattered reports of clinically palpable 
masses or hydronephrotic kidneys are 
found. Interestingly, the most common 
symptom, non-specific flank pain generally 
of a non-colicy nature, is intermittent and 
may be present for many years before an 
adequate uroradiologic work-up is pro- 
vided.» 3)" Certainly, there is no patho- 
gnomonic symptom nor clinical sign to sug- 
gest the diagnosis, making the roentgeno- 
logic appraisal all the more significant. 

In the reviewed reported cases,?*:8:9 127—14,16 
the most common roentgenologic finding 
was a long, narrow, generally smooth, 
ureteral filling defect with easy flow of con- 
trast material around the lesion. As in the 
two cases reported above, the lesions were 
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Fic. 2. Case 1. (4) Surgical exploration of the upper 
third of the left ureter with demonstration of one 
of the long fibrous ureteral polyps (arrows). (B) 
Microscopic appearance of the frozen section of 
this polyp. Normal transitional epithelium cover- 
ing a stroma of congested fibrovascular tissue is 
well seen. (Final pathological diagnosis: Multiple 
benign ureteral fibrous polyps.) 


most common in the upper one-third of the 
ureter with a definite predilection for males 
and a seemingly disproporticnate number 
of cases involving the left ureter.5 114 As 
a rule, the routine excretory urogram or an 
infusion pyelogram was adequate for diag- 
nosis because of the lack of obstructive 
uropathy or significant renal damage even 
with relatively large lesions. In cases of sig- 
nificant obstruction, retrograde pyelograms 
were necessary to visualize the filling de- 
fects. One case of bilateral filling defects 
found to be benign fibrous pclyps has been 
reported.’ 

Roentgenographic priority should be 
given to optimum visualization of the filled 
ureter. Although the serpiginous intralumi- 
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Fic. 3. Case 11. (4) Intravenous pyelogram demonstrating mild obstructive changes in the upper urinary 


tract with a suggestion of a ureteral filling defect on the left. (B) Left retrograde pvelogram demonstrates 
the multiple intraluminal filiform ureteral filling defects with attachment of the pedicles of the polyps near 
the left ureteropelvic junction. Movement of the polyps within the renal pelvis was also shown. 


nal filling defects may be suspected or well 
demonstrated on a routine excretory uro- 
gram, maximum distention of the ureter is 
generally afforded by drip infusion hydra- 
tion pyelography. Using these techniques 
which can be enhanced with tomography, 
fluoroscopy with spot filming, or recording 
motion with videotape or cine studies, the 
criteria for benignity outlined below can 
best be appreciated. Another modification 
in technique, as discussed in Case 1 above, 
is the utilization of an indwelling ureteral 
catheter inserted following (bulb) retro- 
grade pyelography. Roentgenologic control 
of ureteral filling and maximum distention 
of the involved portion of the ureter are 
possible allowing for optimum demonstra- 
tion of the lesion. 

Roentgenologic findings that strongly 
suggest the diagnosis of benign fibrous 
polyps include: 

1. There are space occupying filling de- 


fects within the lumen of the ureter which 
are smooth walled or have a smooth con- 
tour. These may be bifid, multibranched or 
single, but are definitely intraluminal. The 
polypoid tumors are generally long, at 
least a centimeter in length. 

2. Separation of the ‘polyps from the 
ureteral mucosal wall is generally possible, 
particularly when the techniques allowing 
for maximum distention of the contrast 
filled ureter are used. Easy flow of the con- 
trast material around the polyp and identi- 
fication of a rim of contrast medium around 
the lesion establish the lack of fixation. Not 
infrequently, attachment of the pedicle of 
the fibrous polyp to the ureteral wall can be 
demonstrated. 

3. Lack of rigidity, and the presence of 
mobility and pliability of the polyp are 
important and can be shown by change in 
position during the examination." 

4. Multiplicity of the lesions and location 


Var. 126, No. 4 


of the polypoid filling defects in the upper 
third of the ureter, particularly in the re- 
gion of the ureteropelvic junction also favor 
bemgnity. It has long been taught that 
malignant epithelial tumors arg more com- 
mon in the lower ureter.! 

5. Lack of significant upper urinary tract 
obstruction and relatively little renal dam- 
age or diminished function even with rela- 
trvely large ureteral filling defects are also 
significant findings. However, cases of com- 
plete obstruction with significant hydro- 
nephrosis as well as obstruction secondary 
to intussusception have both been re- 
ported, 

Retrograde pyelography continues to 
have a place in the diagnosis of ureteral 
tumors, either benign or malignant, par- 
ticularly where significant obstruction or 
renal damage has occurred. 

Selective angiography may be useful in 
the diagnosis of ureteral tumors, especially 
if there is significant hematuria and sus- 
picion of a vascular lesion or evidence of 
total obstruction, or when a poorly func- 
toning kidney is present. Angiography on 
a routine basis, however, for the work-up of 
benign fibrous polyps, would not appear 
feasible particularly if suitable effort to 
maximize ureteral distention is utilized. 

Again, the importance of roentgenologic 
appreciation for the apparent increasing in- 
cidence of fibrous polyps of the ureter is 
stressed. Preoperative suspicion of be- 
nignity can lead to conservative surgery 
and the preservation of the upper urinary 
tract. 


Felix A. Hughes, III, M.D. 
Department of Radiology 

General Hospital of Virginia Beach 
1060 First Colonial Road 

Virginia Beach, Virginia 23454 
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CAVITATING LUNG NODULES AND PNEUMO- 
THORAX IN CHILDREN WITH METASTATIC 
WILMS’ TUMOR* 

By E. GEORGE KASSNER, M.D.,t HAROLD S? GOLDMAN, MLD.,t 


and ALBERTO ELGUEZABAL, M.D.§ 
BRONX AND BROOKLYN, NEW YORK 


ABSTRACT: 


Lung metastases evolved into large thin-walled cysts in two children with Wilms’ 
tumor. Histologic examination of one lesion suggested that invasion of a small 
bronchus or bronchiole, leading to ball-valve obstruction, was responsible. One 
patient also experienced recurrent pneumothorax, probably on the same basis. 

The formation of thin-walled cysts has not previously been observed with meta- 
static Wilms’ tumor. Pneumothorax is a rare complication of metastatic Wilms’ 


tumor. 


AVITATION of pulmonary metastases 

is very rare in children. This phenome- 
non has been reported in three children 
with metastatic Wilms’ tumor.*:> We have 
observed two children with Wilms’ tumor 
in whom pulmonary metastases evolved 
into large thin-walled cysts. One of these 
patients had recurrent episodes of pneumo- 
thorax, a complication that has rarely been 
associated with metastatic Wilms’ tumor.‘ 


REPORT OF CASES 


Case 1. (Jewish Hospital and Medical 
Center of Brooklyn.) A.R. had a right nephrec- 
tomy for Wilms’ tumor at two and one-half 
years of age. Tumor was present in the renal 
vein. Lung metastases were not detected in the 
initial chest roentgenogram. A course of actino- 
mycin D was begun and 3,000 rads were de- 
livered to the tumor bed using Co-60 tele- 
therapy. Six months after nephrectomy a 
pulmonary metastatic nodule was seen in the 
right lower lobe. Alternating courses of actino- 
mycin D and vincristine were administered and 
300 rads were delivered to a small field encom- 
passing the nodule. Sixteen months after 
nephrectomy another small pulmonary meta- 
static deposit appeared in the lingula and 300 
rads were delivered to this lesion. After nine 
months without change the nodule in the right 
lung began to enlarge and was excised with a 
cuff of tumor-free lung. 


A second course of radiation therapy was ad- 
ministered to a small field that encompassed 
the metastasis in the left lung (Fig. 14). After 
750 rads of a planned tumor dose of 2,250 rads 
had been delivered, a cavity was noted within 
the metastasis (Fig. 1B). This cavity continued 
to enlarge and the heart was displaced to the 
right (Fig. 1, C and D). The patient had a 
cough and was easily fatigued but he was not 
in acute distress. Radiation therapy was 
stopped after 1,050 rads and lingulectomy was 
performed, 16 months after the appearance of 
the metastatic deposit in the left lung and 25 
months after nephrectomy. 

The resected lung specimen consisted of a 
collapsed empty sac, which measured 4 cm in 
diameter, partially surrounded by a solid 
tumor which measured 5X3.5X2 cm. Where it 
did not abut the tumor mass, the cyst wall was 
1—2 mm thick. 

Microscopically the tumor was a typical 
Wilms’ tumor; the sarcomatous component 
predominated and there were a few scattered 
epithelial areas. Tumor completely surrounded 
the cyst and extended either to the lining epi- 
thelium, if present (Fig. 2, 4 and B), or to the 
lumen in areas where the lining epithelium 
was absent. In most areas the cyst was lined 
with respiratory epithelium. There were foci 
of squamous metaplasia or flattened cuboidal 
epithelium. Where lining epithelium was ab- 
sent the cyst wall was composed of a thin layer 
of tumor covered externally by subpleural 


* From the Departments of Radiology of the State University of New York, Downstate Medical Center, and the Albert Einstein 
Medical Center, Bronx, New York,f and the Department of Pathology of The Jewish Hospital and Medical Center of Brooklyn.§ 
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Fic. 1. Case 1. (4) March 7. Twenty degree right anterior oblique projection of the chest shows a metastatic 
nodule in the lingula. (B) April 18. A cavity is visible within the nodule. (The changes on the right—basilar 
parenchymal infiltrate, pleural thickening and elevation of the hemidiaphragm—are the residua of previ- 
ous surgery.) (C and D) May 26. A large thin-walled cyst with several “septa” has developed at the site of 
the nodule. The heart is displaced to the right. On the lateral projection the solid portion of the tumor is 
visible anteriorly. Lingulectomy was performed the following day. 


fibrous tissue and pleura. Tumor did not pene- 
trate the pleura. Cartilage was not seen in the 
cyst wall. 

Necrosis, bizarre nuclei or other radiation 
changes were not present in the tumor. There 
was no evidence of acute radiation pneumonitis, 
vasculitis or fibrosis in the surrounding lung 
parenchyma. The only features that were prob- 


ably related to radiation therapy were promi- 
nence of the endothelial cells of some vessels 
and squamous metaplasia in a few bronchi. 

Subsequently tumor recurred in the left 
lung, mediastinum, pleura and abdomen. He 
died at five and one-half years of age, 38 months 
after nephrectomy. Permission for autopsy was 
not obtained. 
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Fic. 2. Case 1. (4) Photomicrograph of the excised 
metastatic nodule, showing an area in which the 
cyst abuts the main tumor mass. Tumor is visible 
just beneath the lining epithelium of the cyst. 
Two types of epithelium are present in this field: 
respiratory epithelium on the right and flattened 
cuboidal epithelium on the left. (H & E, 300X mag- 
nification.) (B) High power. The cyst lining con- 
sists of respiratory epithelium. Tumor is present 
just beneath the epithelium. (H & E, 750X mag- 
nification.) 


Case 11. (Albert Einstein Medical Center.) 
M.C. had a left nephrectomy for locally inva- 
sive Wilms’ tumor at three years of age. There 
was no evidence of pulmonary metastases. 
Actinomycin D was administered and, because 
the tumor had ruptured during surgery, 35300 
rads were delivered to the entire abdomen 
using Co-60 teletherapy: the right kidney was 
shielded after 1,500 rads. Several subsequent 
courses of actinomycin D were given. Twenty- 
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four months after nephrectomy he was re- 
admitted with a four day history of right chest 
pain. A chest roentgenogram showed a pneumo- 
thorax on the right and metastatic deposits in 
both lungs (Fig. 34). A chest tube was inserted 
and actinomycin D and vincristine were begun. 
A tumor dose of 1,600 rads was delivered by 
moving strip technique (eight fractions in ten 
days) to opposing fields that included both 
entire lungs. Cavitation of several metastatic 
deposits was observed about three weeks after 
the completion of radiation therapy (Fig. 3B). 
Some evolved into thin-walled cysts (Fig. 3C). 
He was re-admitted several times for treat- 
ment of recurrent right-sided pneumothorax. 
Several cysts in the right lung reached enor- 
mous size (Fig. 3D). He died at home at six 
years and five months of age, 38 months after 
nephrectomy. Autopsy was not performed. 


DISCUSSION 


Necrosis due to inadequate blood supply 
—often cited as the major cause of cavita- 
tion in lung metastases*—rarely if ever ac- 
counts for cavitation in small nodules or 
cavities in which the wall is extremely thin 
(1-2 mm).° Breakdown of tumor usually 
results in cavities with thick, irregular walls 
which do not enlarge rapidly nor reach 
great size.2 Tumor necrosis does not ade- 
quately explain the rapid formation of 
large thin-walled cysts that occurred in our 
patients. 

Anderson and Pierce! described six pa- 
patients with carcinomas of the bronchus 
which had the roentgenographic appear- 
ance of thin-walled cysts. Grossly, the cyst 
walls were smooth, gray, and shiny. Inflam- 
mation, if present, was minimal. Micro- 
scopically, the cyst walls consisted of 
fibrous tissue and squamous cell carcinoma. 
The lining consisted of malignant cells or 
squamous metaplastic epithelium, with 
malignant tumor just beneath the surface. 
In some instances, parts of the cavity wall 
were formed of compressed lung. Occasion- 
ally there was continuity between tumor in 
the cavity and the nodule of growth in an 
adjacent bronchus. 

Anderson and Pierce attributed the 
morphology of these tumors to a ball-valve 
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mechanism :* Growth of tumor into a small 
bronchus caused partial obstruction and 
led to cystic distention of distal air sacs. 
Subsequent growth of tumor into the cyst 
formed a secondary lining layer of tumor 
cells. Rupture of the lining of tumor cells 
by increases in intracavitary pressure ac- 
counted for the portions of the cyst that 
were lined by respiratory epithelium or 
compressed lung. 

The resected metastasis in our patient 
with Wilms’ tumor (Case 1) was morpho- 
logically similar to these cases of bronchial 
carcinoma. A ball-valve mechanism, re- 
sulting from growth of tumor into small 
bronchi or bronchioles, satisfactorily ex- 
plains the initial cavitation and subsequent 
evolution into thin-walled cysts that char- 
acterized the metastatic deposits in both of 
our patients. Although both children had 
received radiation therapy and chemo- 
therapy, we believe that these changes in 
the metastatic deposits were the result of 
tumor growth rather than the consequence 
of therapy. 

No single explanation satisfactorily ac- 
counts for all instances of pneumothorax 
that have been associated with lung metas- 
tases.4:101 Most are probably due to the 
formation of malignant bronchopleural 
fistulas.!! This mechanism was documented 
in one of the rare instances 1n which pneu- 
mothorax and cavitation were observed in 
the same patient. Kew’ described a teen- 
ager with a solitary subpleural metastasis 
ef osteogenic sarcoma that underwent 


* Dodd and Boyle® have proposed that certain properties of 
squamous epithelium’ account for the thin-walled cavitary form 
of bronchial carcinoma and for thin-walled cystic metastases of 
squamous cell carcinema. As the growing tumor breaks into 
alveoli, malignant squamous epithelium is likely to come in con- 
tact with air; the process of cornification is facilitated and respira- 
tory motion assists in stripping the keratinized surface layers 
from cavity walls. Meanwhile, growth progresses peripherally, so 
that the size of the cavity increases while its wall maintains a 
relatively constant thickness. In some instances, a ball-valve 
mechanism—manifest on serial roentgenograms as an alternately 
smooth and crenated appearance of the external wall—may assist 
in the growth of thin-walled cystic neoplasms. 

Dodd and Boyle suggested that inherent properties of the 
normal primary tissue might account for thin-walled cystic me- 
tastases that occasionally occur with other tumors. We are not 
aware of any property of embryonal tissue that would explain 
this phenomenon in metastatic Wilms’ tumor. 


Cavitating Lung Nodules 


va) * 


cavitation. At thoracotomy, the pleura was 
carefully inspected. When the anesthetic 
bag was pumped, gas escaped from a small 
hole in the pleura overlying the cavity. 
Both the cavity and the pleural defect 
were lined with tumor. 

Lodmell and Capps?’ adapted the “air- 
block” theory of the Macklins to explain 
cases in which pleural invasion by tumor 
was not present. They suggested that 
peripheral tumor nodules sometimes caused 
partial bronchiolar obstruction. Intercom- 
munication between alveoli of adjacent 
lobules usually prevented the development 
of excessive local pressures, but in some pa- 
tients strategically-placed tumor nodules 
produced a ball-valve effect. Relatively 
small changes in intra-alveolar pressure, 
e.g., with coughing and sneezing, could re- 
sult in dissection of air along vascular 
sheaths and, in some instances, lead to 
pneumomediastinum and pneumothorax. 
Lodmell and Capps cited the presence of 
interstitial emphysema and subpleural blebs 
in one of their patients as evidence in sup- 
port of this concept. 

Regression of tumor and radiation ther- 
apy do not appear to predispose patients 
with lung metastases to pneumothorax.®:” 
Our patient (Case 11) had his first episode 
of pneumothorax before radiation therapy 
to the lung was begun. 


E. George Kassner, M.D. 
Department of Radiology 
State University of New York 
Downstate Medical Center 
450 Clarkson Avenue 

Box 45 

Brooklyn, New York 11203 
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Fic. 3. Case 11. (4) September 21. Metastatic deposits are present in the hilar lymph nodes and in the mid- 
zones of both lungs. A small pneumothorax is present on the right. (B) November 3. The right lung has re- 
expanded. Nodules in both lungs have undergone cystic change. (C) November 20. There is a large pneumo- 
thorax on the right; a portion of the right lower lobe is adherent to the parietal pleura. Numerous thin- 
walled cysts are present in both lungs. (D) May 17 (five weeks before death). Numerous giant thin-walled 
cysts have almost totally replaced the right lung and there is a marked mediastinal shift to the left. Several 
thin-walled cysts are visible on the left. There is a small pneumothorax on the left. Solid masses of tumor 
are present in the mediastinum and in both lungs. 
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THE SPOTTED NEPHROGRAM OF RENAL 
SCLERODERMA* 
By JEFFREY WINOGRAD, M.D.,j DANIEL H. SCHIMMEL, M.D. t} 
and ALPHONSE J. PALUBINSKAS, M.D. 


SAN FRANCISCO, CALIFORNIA 


ABSTRACT: 


The renal angiographic findings in our two patients with scleroderma and recent 
onset of hypertension included minor changes in the distal interlobar and arcuate 
arteries and a nephrogram displaying diffuse, spotty lucencies. Although the spotted 
nephrogram is occasionally seen in cases of severe nephrosclerosis, we believe that, 
in the absence of major arterial changes in the arcuate and distal interlobar arteries, 
it is virtually diagnostic of renal scleroderma. 


T various roentgenographic manifes- 
tations of scleroderma on plain films 
and barium contrast studies have been well 
described.®6!3 However, we have found 
only two reports concerning angiographic 
findings of renal scleroderma." We wish to 
report the renal angiographic findings in 
two patients with scleroderma and recent 
onset of hypertension, and to describe par- 
ticularly the nephrographic appearance, 
which we believe may be distinctive of, but 
not unique to, scleroderma kidney. 


REPORT OF CASES 


Case 1. A 54 year old Caucasian woman was 
hospitalized because of a ten month history of 
increasing skin tightness and recently discov- 
ered hypertension. Her blood pressure at the 
time of admission was 190/120 mm Hg. The 
skin over her hands, arms, and upper chest was 
tight and her nose appeared pinched. Urinalysis 
showed 2+ protein and occasional red blood 
cells and white blood cells. Blood urea nitrogen 
was 50 mg/dl and creatinine was 2.7 mg/dl. 

Findings were normal on plain chest roent- 
genogram, excretory urogram, barium enema 
study, and, except for decreased esophageal 
motility, roentgenograms of the upper gastro- 
intestinal tract. A renal arteriogram, per- 
formed because of the hypertension, showed 
normal-sized kidneys with only minor changes 
in the distal interlobar and arcuate arteries; the 


nephrogram, however, appeared spotted (Fig. 
1, 4 and B). 

Subsequent to the arteriogram, renal biopsy 
was performed on one kidney; results substanti- 
ated the diagnosis of scleroderma. 

The patient was treated with antihyperten- 
sive and diuretic medications. At the time of 
discharge from the hospital, her blood pressure 
had stabilized to 180/90 mm Hg, blood urea 
nitrogen was 42 mg/dl, and creatinine was 
1.9 mg/dl. 


Case 11. A 51 year old Caucasian woman 
was referred to our hospital because, despite 
antihypertensive medication, she had a rapid 
increase in previously mild hypertension, per- 
sistent headaches, and blurred vision. She also 
gave a history suggestive of Raynaud’s phe- 
nomenon. Prior to admission her blood pressure 
Was 220/130 mm Hg, blood urea nitrogen 13 
mg/dl, and creatinine 2.0 mg/dl. 

The patient’s blood pressure on admission 
was 200/105 mm Hg. Inspection of the eye- 
grounds revealed hemorrhages and exudates. 
The skin over the fingers was hard and waxy. 
Blood urea nitrogen was 38 mg/dl and creati- 
nine 2.4 mg/dl. Anti-nuclear antibody and 
lupus erythematosus preparations gave nega- 
tive results. A chest roentgenogram showed 
cardiomegaly with congestive heart failure. 
Excretory urography demonstrated a right kid- 
ney measuring 9.9 cm in length and a left kid- 
ney 12.5 cm. Renal arteriography showed ab- 
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Fic. 1. Case 1. (4) Late arterial phase showing smooth tapering of major intrarenal arteries and minor ir- 
regularities of distal interlobar and arcuate vessels. Arterial vessels are somewhat decreased in caliber. 
(B) Nephrogram demonstrating striking, diffuse, spotty lucencies. The corticomedullary junction is pre- 
served although blurred. Note persistent filling of arteries in lower pole, indicating marked slowing of flow. 


normal kidneys bilaterally with decreased cali- 
ber of interlobar arteries and a peculiarly 
spotted nephrogram (Fig. 2, A and B). 

Renal and skin biopsies were suggested but 
not performed as it was believed they would 
not contribute to the patient’s management. 

The patient was treated with diuretics. At 
the time of her discharge from the hospital, her 
blood urea nitrogen was 29 mg/dl, creatinine 
2.5 mg/dl, and creatinine clearance 28 ml/min. 


CLINICAL PRESENTATION 


Scleroderma has been reported to occur 
within the age range of 3 to 83 years. The 
age of onset, however, is most often be- 
tween the fourth and sixth decades.’ 
Women are affected three to ten times as 
frequently as men.” Involvement of the kid- 
neys in scleroderma is of major clinical im- 


portance. In one series‘ of 210 patients with 
scleroderma, renal scleroderma was the 
leading cause of mortality (42 percent). 
Evidence of renal involvement appears 
about two years following the clinical onset 
of scleroderma, although cases have been 
reported of renal disease antedating the 
skin lesions.2*? Clinical signs of renal in- 
volvement occur in 15 to 45 percent*” of 
cases and consist of proteinuria, azotemia, 
and hypertension. The hypertension pre- 
sents itself in one of two clinical patterns: 
(1) malignant hypertension of abrupt onset 
in previously normotensive patients, or 
(2) moderately elevated blood pressure, 
which can be intermittent or persistent, 
with sudden onset of oliguric renal failure. 
Malignant hypertension is of major clinical 
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Fic, 2. Case 11. (4) Late arterial phase showing mildly reduced caliber of intrarenal arteries but with regular 
tapering. Occasional tortuosities of distal interlobar and arcuate arteries are evident. Note crowding of 
interlobar arteries in inferior pole, possibly from shrinkage of parenchyma. (B) Capillary phase showing 
nonhomogeneous nephrogram with spotty lucencies of roughly equal size. Loss of corticomedullary junc- 
tion and reduced density of peripheral cortex are demonstrated. 


significance—in the series of Cannon et 
al. mentioned above, it was associated 
with an 80 percent mortality. 

Our two patients fit the general profile, 
being in their early s0’s with the physical 
manifestations of scleroderma preceding 
the onset of their hypertension and renal 
disease. It is interesting that in one patient 
(Case 11) the skin changes were not appre- 
ciated until her hypertension became 
evident. 


PATHOLOGICAL FINDINGS 


Kidneys with scleroderma display many 
of the pathological changes seen in kidneys 
with advanced malignant hypertension; 


these changes include fibrinoid changes and 
arterial hyperplasia of smaller arteries and 
arterioles with glomerular sclerosis.! 15.16.18 
Some authorities maintain that these two 
entities cannot be differentiated on a purely 
histologic basis.*’ Recent reports, however, 
have focused on abnormalities that do ap- 
pear to distinguish nephrosclerosis from 
scleroderma.*? Most important is the con- 
sistent finding in scleroderma of involve- 
ment of interlobular arteries (so—soo in 
diameter) with marked proliferation of con- 
centric intimal cells in a mucoid ground 
substance. The changes in malignant hy- 
pertension, on the other hand, are found 
primarily in smaller arteries (so-1s0u in 


su 
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diameter) and arterioles, and they are not 
of the same character. Other findings de- 
scribed in scleroderma and not in malignant 
hypertension are adventitial fibrosis around 
interlobar, arcuate, and integlobular ar- 
teries; specific types of glomerular abnor- 
malities; and a greater degree of cortical 
ischemia and focal cortical necrosis.’ 

The biopsy specimen obtained in one of 
our patients (Case 1) showed narrowing of 
arterioles and marked narrowing of inter- 
lobular arteries due to intimal thickening. 
Ischemic changes were also seen in the 
glomeruli. These were similar to the 
changes that have been described in sclero- 
derma, but the pathologist did not distin- 
cuish them from those seen in malignant 
hypertension. 


DISCUSSION 


Lester and Koehler" studied two patients 
with advaneed renal scleroderma who ar- 
teriographically manifested irregular ar- 
terial narrowing, tortuosity of interlobular 
arteries, a prolonged arterial phase, and ab- 
sence of a nephrogram. Cannon ef al.’ 
studied 19 ef their 94 patients with renal 
scleroderma arteriographically and found 
varying degrees of narrowing within renal 
arteries of all calibers, blurring or absence 
of the corticomedullary junction, narrowing 
and obliteration of interlobular arteries, 
and delayed transit of contrast medium 
through the kidney. In addition, they saw 
nonhomogeneity of the nephrogram, sug- 
gesting focal areas of cortical ischemia or 
necrosis. Our two patients also showed the 
minor degrees of tortuosity of distal inter- 
lobar and arcuate arteries, changes in 
definition of the corticomedullary junction, 
slowing of arterial flow, and nonhomo- 
geneity of the nephrogram. 

Most remarkable was the spotted neph- 
rogram characterized by focal lucencies 
scattered throughout the kidneys without 
evidence of any major arterial changes. A 
similar nephrogram has been seen by Mena 
and associates"? who described a pattern of 
fine lucencies in the nephrograms of two 
patients with severe arteriolar nephroscle- 
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rosis. The arterial systems in those patients, 
however, were markedly different from 
those in our patients and showed the classic 
changes of severe nephrosclerosis, t.e., 
prominence and slight ectasia of proximal 
renaļ arteries and abrupt pruning of distal 
interlobar and arcuate vessels. Hollenberg 
et al}? reported arteriographic findings in 
g1 patients with essential hypertension. In 
the more severely symptomatic patients, 
they frequently saw patchy, cortical neph- 
rograms with various degrees of loss of the 
corticomedullary junction. These patients 
also displayed marked tortuosity of inter- 
lobar and arcuate vessels with abrupt 
pruning and “step ladder” caliber changes. 
Halpern’ presented a case of malignant 
nephrosclerosis with findings on the nephro- 
cram similar to those we found, but the 
arterial changes were pronounced. We thus 
find that a spotted nephrogram without 
major changes in the renal arteries is sig- 
nificant and probably diagnostic of renal 
scleroderma. 

It is likely that hypertension is not the 
cause of the pathologic and roentgenologic 
changes seen in the kidneys of our hyper- 
tensive scleroderma patients; identical 
changes have also been found in normo- 
tensive scleroderma patients.*5!1 The 
changes, however, tend to be more ad- 
vanced in the patients with hypertension. 
In fact both of our patients had been hyper- 
tensive for only a short period of time, yet 
demonstrated marked nephrographic ab- 
normalities. We believe that the pro- 
nounced constriction of interlobular arteries 
produces the focal cortical ischemia and 
spotty lucencies in the nephrogram in 
scleroderma and in malignant nephroscle- 
rosis. In scleroderma this constriction is a 
primary process that subsequently pro- 
duces the hypertension; in malignant neph- 
rosclerosis, the constriction is a secondary 
process resulting from prolonged hyper- 
tension—a condition that concomitantly 
produces arteriographically visible proxi- 
mal arterial ectasia and severe interlobar 
arterial narrowing.® Therefore, it 1s reason- 
able that a spotted nephrogram may ap- 
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pear in scleroderma without major arterial 
abnormalities, whereas in malignant neph- 
rosclerosis, major arterial changes must be 
present with the nephrographic changes. 


Alphonse J. Palubinskas, M.D. 

Department of Radiology, 380-M ° 
University of California School of Medicine 
San Francisco, California 94143 
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THE ROLE OF EMERGENCY EXCRETORY 
UROGRAPHY IN EVALUATION OF 
BLUNT, ABDOMINAL TRAUMA* 

By EUGENE J. McDONALD, Jr., M.D., MELVYN KOROBKIN, M.D., 


RICHARD P. JACOBS, M.D., and HIDEYO MINAGI, M.D. 
SAN FRANCISCO, CALIFORNIA 


ABSTRACT: 


In our hospital, patients seen for blunt, abdominal trauma have an “emergency” 
urogram. The results of our review of 209 such patients with complete urographic 
evaluations indicate that (1) the clinical examination, urinalysis, and plain abdom- 
inal roentgenogram do not reliably allow one to predict which patients would show 
urographic abnormalities and (2) the clinical management of these patients is rarely 
altered by the knowledge of the results of the urogram. 


HE incidence of blunt trauma to the 
kidney has increased over the last de- 
cade, in large part because of the increasing 
number of motor vehicle accidents. Al- 
though it is agreed that prompt recognition 
and appropriate treatment of the renal in- 
jury are of paramount importance, the 
proper approach to evaluation of such in- 
jury is still controversial.” 5913 
As a result of the rapid rise in the cost of 
medical care, considerable interest is pres- 
ently being focused on the efficacy of cer- 
tain diagnostic roentgenographic examina- 
tions. Bell and Loop? and Roberts and 
Shopfner!? recently published studies indi- 
cating that routine skull roentgenograms in 
the evaluation of head trauma have little 
or no effect on the course of treatment in 
the vast majority of patients. In our insti- 
tution excretory urography is routinely 
employed in assessing victims of blunt, 
abdominal trauma. We wanted to deter- 
mine if the findings on the excretory uro- 
gram bear significantly on subsequent 
choice of treatment. 


MATERIAL AND METHOD 


We reviewed the medical records and 
roentgenograms of all patients at our hos- 
pital who underwent excretory urography 
during the course of evaluation of blunt, 


abdominal trauma from April, 1973, through 
October, 1974. Excluded from the analysis 
were those whose need for immediate surgi- 
cal intervention precluded complete uro- 
graphic evaluation. Patients included in 
the study, therefore, were in sufficiently 
stable clinical condition to permit thorough 
study by routine excretory urography. 
This group comprised 209 patients. All 
plain abdominal roentgenograms and uro- 
grams were examined and the findings 
tabulated. 


RESULTS 


Table 1 relates the results of excretory 
urography to those of the urinalyses, clini- 
cal examinations, and the findings on the 
plain abdominal roentgenograms for all 209 
patients. Because the presence of hema- 
turia was the primary indication for urogra- 
phy in the overwhelming majority of pa- 
tients, it is not surprising that all 18 pa- 
tients with an abnormal urogram had gross 
or microscopic hematuria—indeed, 177 out 
of the 191 patients with normal urographic 
findings also had hematuria. Pain in the 
abdomen and the costovertebral angle was 
more frequently associated (89 percent) 
with urographic abnormalities, but this 
was of no predictive value because such 
pain occurred commonly (39 percent) when 
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TABLE I 
UROGRAPHIC RESULTS versus URINALYSIS, CLINICAL EXAMINATION, AND 
PLAIN ABDOMINAL ROENTGENOGRAM 
—————— eee 
Normal Urogram Abnormal Urogram 


Se a a eg 





Urinalysis š 
normal 14 (7.3%) o (0%) 
abnormal 177 (92.7%) 18 (100%) 


microscopic hematuria 


157 (82.2%) 12 (66.7%) 


gross hematuria 20 (10.5%) 6 (33.3%) 
Total I9I 18 
Clinical examination 
normal 114 (59.7%) 6 (33.3%) 
abnormal 77 (40.3%) 12 (66.7%) 
abdominal pain 54 (28.3%) 12 (66.7%) 
costovertebral angle pain 21 (11.0%) 4 (22.2%) 
hypotension II (5.8%) 2 (11.2%) 
Total Ig] 18 
Findings on plain film of abdomen 
normal 113 (59.2%) 12 (66.7%) 
abnormal 78 (40.8%) 6 (33.3%) 
bone fracture 68 (35.6%) 5 (27.8%) 
ileus 25 (13.1%) 2 (5.6%) 
soft tissue mass 1 (0.5%) 1 (5.6%) 


Total 


IQI 


18 


no urographic abnormalities were seen. 
Plain roentgenograms of the abdomen also 
failed to predict which patients would have 
abnormal urograms: 78 of the 84 patients 
with abnormal plain roentgenograms showed 
normal urographic findings and 12 of the 
125 patients with normal plain roentgeno- 
grams showed abnormal urographic find- 
ings. 

Table 11 gives the specific findings in the 
18 patients exhibiting urographic abnor- 
malities. The most frequent observed uro- 
graphic abnormality was that of diminished 
volume of contrast material excreted from 


TABLE II 


UROGRAPHIC FINDINGS IN THE 18 PATIENTS 
WITH AN ABNORMAL EXCRETORY UROGRAM 











Finding Occurrence 


Renal or ureteral displacement 


Decreased volume II 
Clots 
Extravasation 4 





e 





the kidney suspected of injury (Fig. 1, Z 
and 8). This finding in the absence of other 
urographic abnormalities is considered to 
indicate renal contusion. 

Management of the patients with uro- 
graphic abnormalities is shown in Table 
i. Half of the patients were treated con- 
servatively (Fig. 2, 4 and B). Eight of the 
other nine patients underwent laparotomy 
solely to exclude intraperitoneal damage. 
Exclusion of intraperitoneal damage and 
evaluation of renal injury were the reasons 
for laparotomy in the remaining patient. 

The results of laparotomy are shown in 
Table 1v. All nine patients had a retroperi- 
toneal hematoma. A nephrectomy was 
necessary in the one patient in whom the 
hematoma was surgically explored. Two pa- 
tients continued to have gross hematuria 
for three to five days and therefore had 
repeat urography. Because of the hema- 
turia and because repeat urograms indi- 
cated a fractured kidney, both patients un- 
derwent retroperitoneal exploration. One 
required nephrectomy, the other recovered 
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uneventfully after drains were placed in the 
retroperitoneum. Because these were de- 
layed complications they are not discussed 
further; we are confining our study to the 
contribution of the emergency, initial uro- 
gram. 


DISCUSSION 


There has been a distinct trend around 
the world toward a conservative approach 
to the management of traumatic renal in- 
juries.+6-812 The vast majority of patients 
with renal trauma recover without the 
necessity of renal surgery and without 
serious sequelae. Indeed, in the clinically 
stable patient the only urographic abnor- 
malities that would require prompt surgical 
management are disruptions of the renal 
pedicle or ureter.®™:®! Neither of these in- 





Fic. 1. (4) Two hours after blunt trauma to the 
right abdomen, excretory urogram shows severely 
decreased excretion of contrast material on the 
right, the most common urographic abnormality 
associated with such trauma. (B) Repeat urogram 
two weeks later demonstrates normal, symmetric 
excretion of contrast material by the kidneys. 
Outline of compression device can be seen. 
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Fic. 2. (4) Soon after a fall, this child was found to 
have a fracture of the left kidney, with extravasa- 
tion of contrast material seen on the excretory 
urogram. The renal injury was treated conserva- 
tively. (B) Two weeks after trauma, the urogram 
shows no abnormalities. 


juries was found to occur in our large series. 

We found that abnormalities shown by 
the emergency urogram had remarkably 
little influence on patient management. Only 
nine of the 18 patients with an abnormal 


TABLE III 


MANAGEMENT OF THE I8 PATIENTS WITH 
UROGRAPHIC ABNORMALITIES 











Conservative 9 
Laparotomy 9 
to exclude intraperitoneal damage 
to exclude intraperitoneal damage 
and evaluate fractured kidney I 


CO 








742 
TABLE IV i 


RESULTS OF LAPAROTOMY IN NINE PATIENTS 








Liver laceration and retroperitoneal hematoma 2 

Liver laceration, retroperitoneal hematoma, and 
nephrectomy I 

Retroperitoneal hematoma only m 





urogram underwent subsequent surgery, 
and in eight of these nine the reason for the 
laparotomy was only to exclude the damage 
to an intraperitoneal viscus—not to evalu- 
ate the urographically identified abnormal 
kidney. In the remaining patient the reason 
for laparotomy was to evaluate both the 
damaged kidney and a suspected intraperi- 
toneal injury. Therefore, the result of ex- 
cretory urography directly influenced emer- 
gency management of only one (5.5 percent) 
of the 18 patients with urographic abnor- 
malities, in other words, only one (0.5 per- 
cent) of the 209 patients in our study. We 
conclude that an emergency urogram is un- 
necessary in a clinically stable patient with 
blunt, abdominal trauma. 

We cannot, however, argue against ex- 
cretory urography for patients requiring 
laparotomy. The main purpose of such pre- 
operative urograms would be to determine 
the presence and status of the kidneys." 
Eugene J. McDonald, Jr., M.D. 

Department of Radiology, M-380 


University of California 
San Francisco, California 94143 
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PROSTHESIS COMPLICATIONS* 
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7 
ABSTRACT: 


Previous reports have stressed the valu 
mining the presence of loosening of the tot 


e of hip arthrography primarily in deter- 
al hip prosthesis. Although loosening is a 


common complication and frequently associated with infection, other complications 
producing a painful hip prosthesis exist and are demonstrable by arthrography. 


Since the etiologies of these are as diversely 


different as the treatment, the hip 


arthrogram is advocated as an integral part of the diagnostic approach to the patient 
with a painful hip prosthesis in order to assess the specific complication and deter- 


mine the therapeutic approach. 


AMan for evaluation of 
total hip replacement complications 
was introduced in 1971 by Salvati eż al., 
and in 1973, Anderson and Staple! de- 
scribed total hip replacement arthrography 
using subtraction technique. These authors 
stressed the usefulness of this procedure 
mainly in determining loosening of the 
prosthesis. Since 1972 we have utilized sub- 
traction hip arthrography in evaluation of 
the painful hip prosthesis and have been 
impressed not only with its value in deter- 
mining the presence of loosening but also in 
assessing the other possible complications 
that may occur, such as soft tissue ab- 
scesses and fistulous tracts, irreducible or 
persistent dislocation, trochanteric bursitis, 
and fractures. 

The purpose of this report is to amplify 
the usefulness of hip arthrography includ- 
ing subtraction technique in evaluation of 
the painful hip prosthesis, present the com- 
plications that may be demonstrated, and 
illustrate its value as a preoperative diag- 
nostic examination. 


TECHNIQUE OF ARTHROGRAPHY 


The technique used is basically that of 
Salvati et a/.5 with a few modifications. An 
anteroposterior roentgenogram of the hip 
is obtained with the foot internally rotated 
as well as a frog-leg lateral. Using fluoro- 


scopic image amplification, a metallic 
marker is placed on the skin over the mid 
point of the neck of the femoral component. 
This point is marked on the skin with in- 
delible ink and the metallic marker re- 
moved. The inguinal ligament as well as 
the femoral artery should be palpated to 
make sure the mark is below the ligament 
and lateral to the artery. The skin is 
cleansed with Betadine, draped and locally 
infiltrated with one percent Xylocaine in 
the area of the ink mark. A No. 20 gauge 
disposable spinal needle is directed straight 
down to the metal prosthesis under fluoro- 
scopic guidance. Metal-to-metal contact 
will be felt when the needle point en- 
counters the femoral prosthesis. Having 
the patient roll into an oblique position will 
allow observation of the needle point. If 
fluid is present, as much of it as possible is 
aspirated. If no fluid can be aspirated, nor- 
mal saline (without bacteriostatic agent) 1s 
injected and aspirated and sent to the 
laboratory for smear, culture, and sensi- 
tivity of aerobic as well as anaerobic or- 
ganisms. A few drops of Renografin-60 or 
76 are then injected and if these flow away 
from the needle point, the needle is prop- 
erly positioned. The patient may have to 
roll into an oblique position in order to ob- 
serve the contrast material separated from 
the prosthesis. If the contrast material 


* From the Department of Radiology, University of Utah Medical Center, Salt Lake City, Utah. 
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pools around the needle point, the needle 
must be repositioned. When the needle is 
properly positioned the lower leg and foot 
are immobilized with sandbags and a head 
clamp. An anteroposterior roentgenogram 
is then made with the needle in place. 
Under fluoroscopic guidance, contrast *ma- 
terial is injected through a connector tube 
until the capsular space is well filled or the 
patient complains of a pressure sensation, 
using approximately 15 to 20 ccs of con- 
trast material or more. A second antero- 
posterior roentgenogram is then made, 
making certain the hip remains immobile, 
and these two films are used for the sub- 
traction study. The large volume of con- 
trast material provides adequate filling of 
the capsular space and insures seepage of 
contrast material between the methacrylate 
and bone or between the prosthesis and 
bone due to the increased pressure, since 
the subtraction study precludes exercise of 
the hip before the first two roentgenograms 
are obtained. The needle is then removed 
and the hip is passively or actively exer- 
cised. Anteroposterior views with and with- 
out traction are obtained as well as a frog- 
leg lateral. 


THE NORMAL ARTHROGRAM 


In the normal arthrogram, contrast me- 
dium remains confined by a thick pseudo- 
capsule which usually forms within four to 
five months following surgery. This pseudo- 
capsule creates a space limited by the rim 
of the acetabular cup and the base of the 
neck of the femoral component. Contrast 
material should not be observed beyond 
this space.® 


Case 1. A 54 year old man had a left total hip 
replacement for post-traumatic degenerative 
arthritis. Since the operation he complained of 
left hip pain and limitation of motion. The pain 
was primarily superficial and about the incision. 
Physical examination showed marked tender- 
ness over the left hip incision with some pain 
on internal rotation and flexion and a slight 
degree of limitation of motion. Arthrography 
demonstrated no evidence of loosening of the 
prosthesis and both antegrade and retrograde 
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filling of the regional lymphatics occurred (Fig. 
1, 4 and B). The hip pain was determined to be 
cutaneous in origin and not related to the hip 
prosthesis. 


Comment. Several hip arthrograms have 
demonstrated antegrade and retrograde 
lymphatic filling. This has occurred in the 
absence of demonstrable infection in an 
otherwise normal hip prosthesis and is 
probably related to a combination of in- 
creased pressure during injection as well as 
alteration of the lymphatic bed by previous 
operation. 


THE ABNORMAL ARTHROGRAM 


The abnormal arthrogram demonstrates 
contrast medium beyond the pseudocapsu- 
lar space. Seepage of contrast material be- 
tween the methyl methacrylate and bone, 
whether in the acetabular or femoral com- 
ponents, indicates loosening. 


Case 11. A 62 year old male had a left total 
hip prosthesis implanted for degenerative 
arthritis with subsequent postoperative hip 
infection which cleared with antibiotics and 
suction drainage. He remained asymptomatic 
for approximately one year after which he 
developed pain. An arthrogram demonstrated 
loosening of the acetabular and femoral com- 
ponents with a fistulous tract adjacent to the 
acetabular component (Fig. 2, 4-C). Staphylo- 
coccus aureus was cultured from the hip aspirate 
and the components were removed to accom- 
plish a Girdlestone procedure. 


Comment. Loosening may be due to 
mechanical failure or infection. If the lucent 
zone which frequently normally develops 
adjacent to the acetabular and femoral 
components increases to a width greater 
than 2 mm after the sixth postoperative 
month, infection must be strongly con- 
sidered.? Arthrography, however, will es- 
tablish this diagnosis considerably earlier. 
In addition, subtraction films should be an 
integral part of the examination since they 
frequently demonstrate findings not readily 
appreciated on the routine arthrogram as 
illustrated by this case. 


Case 111. A $0 year old man had a right total 
hip replacement approximately one year previ- 





Fic. 1. (4 and B) Normal arthrogram of total hip prosthesis with subtraction study. Contrast material is 
confined to pseudocapsular space. Filling of lymphatic system is most likely related to increased pressure 
during injection as well as alteration of lymphatic bed from previous surgery. 
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Fic. 2. (4) Routine anteroposterior view of the left hip shows a malpositioned acetabular cup with a lucent 
zone between the methyl methacrylate and bone. (B) Arthrogram demonstrates fistulous tract extending 
from acetabular component into pelvis in addition to loosening of femoral component. (C) Subtraction 
study yields additional information by delineating the acetabular component loosening at methacrylate- 
bone interface, which was obscured by barium impregnated methyl methacrylate, as well as by showing the 
femoral component loosening. 
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Fic. 3. (4) Lucent zones are noted adjacent to the acetabular and femoral components. (B) Arthrogram 
demonstrates contrast material filling the lucent zones indicating loosening as well as fistulous tracts 


between the bone and soft tissue. 


ously. This was complicated by persistent pain 
and postoperative drainage despite reoperation 
and irrigation. An arthrogram was done and 
demonstrated loosening of the acetabular and 
femoral components as well as fistulous com- 
munications with the bone and adjacent soft 
tissues (Fig. 3, 4 and B). At surgery both 
prosthetic components were loose and pockets 
of pus were found along the anterior portion of 
the femoral shaft extending into the thigh. 
Cultures grew out Staphylococcus aureus. The 
components were removed and suction irriga- 
tion continued until negative cultures were ob- 
tained (approximately roth postoperative day). 
Drainage stopped approximately three weeks 
after the operation at which time nonweight- 
bearing ambulation was begun. 


Comment. Abscess cavities or fistulous 
tracts may occur with infection. Their 


demonstration by arthrography is of con- 
siderable importance in allowing the ortho- 
pedic surgeon to plan the extent of opera- 
tive exposure as well as provide adequate 
drainage. 


Case Iv. A 70 year old female with rheuma- 
toid arthritis treated with cortisone for several 
years, had a right total hip replacement. Her 
postoperative course was complicated by 
anemia requiring multiple blood transfusions. 
While ambulating during physical therapy she 
avulsed her right greater trochanter and this 
was followed by massive hemorrhage into the 
thigh and a right sciatic palsy. Diffuse bleeding 
also occurred and was attributed to heparin 
with which the patient was being treated for 
cerebral thrombosis. Multiple attempts to re- 
locate the hip were made but were unsuccessful. 
Roentgenograms revealed dislocation of the 
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Fic. 4. (4) The femoral component is dislocated superiorly and laterally and there is a comminuted avulsion 
fracture of the greater trochanter. (B) Arthrogram demonstrates large cystic appearing collection of con- 
trast material communicating with the pseudocapsular space, with mottled appearance and filling defects. 
At surgery this represented a large hematoma with clotted blood. 


femoral component and a comminuted avulsion 
fracture of the greater trochanter (Fig. 44). A 
hip arthrogram was performed demonstrating 
no loosening. Fifteen hundred ccs of thick, dark 
blocd were aspirated and a large cavity com- 
municating with the joint space was demon- 
strated containing irregular and mottled filling 
defects representing clotted blood (Fig. 48). 
An exploration of the right hip revealed a very 
large hematoma with fibrin clots which had 
completely encompassed the sciatic nerve and 
compressed it. The abductor muscles were 
markedly necrotic precluding reattachment to 
the greater trochanter. The hematoma and 
fibrin were evacuated and the dense fibrin 
sheath incised and dissected away from the 
sciatic nerve. The greater trochanter was re- 
approximated to the femoral shaft and secured. 
There was ne evidence of loosening or infection. 
Relocation øf the femoral component within 
the acetabular cup was achieved once the 
hematoma was evacuated. 


Comment. Arthrography may be helpful 


in evaluating persistent dislocation in the 
presence of well positioned acetabular and 
femoral components. Dislocation may be 
early or late. If early, it 1s usually asso- 
ciated with postoperative hematoma, lack of 
pseudocapsule formation, or both; whereas 
late dislocation is more frequently asso- 
ciated with a malpositioned acetabular 
component or instability created by a frac- 
ture through the greater trochanter. 
Hematoma, whether postoperative or post- 
traumatic may dissect into the adjacent 
soft tissues and maintain communication 
with the neocapsular space causing in- 
creased intracapsular pressure and per- 
sistent dislocation. The cause is probably 
related to lack of formation of a pseudo- 
capsule allowing direct communication of 
the joint space with the hematoma. Surgi- 
cal evacuation and drainage allow the fem- 
oral head to return to the acetabular cup 
with restoration of stability to the joint. 
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Fic. 5. Arthrogram demonstrates no loosening but 
filling of the bursa over the greater trochanter. 


Postoperative drains will help reduce hema- 
toma formation in the uncomplicated total 
hip replacement thereby reducing the inci- 
dence of dislocation in the immediate post- 
operative period. 


Case v. A 62 year old male had bilateral 
Ring hip prostheses implanted three years ago 
on the right and two years ago on the left for 
degenerative arthritis. He developed an aching 
pain over the lateral aspect of the left hip which 
became progressively worse. The clinical im- 
pression was a failing left hip prosthesis and a 
total hip replacement was anticipated. An 
arthrogram was performed and 3 ccs of cloudy 
yellow fluid aspirated which on culture yielded 
no growth. No loosening was demonstrated; 
however, there was filling of the bursa over the 
greater trochanter suggesting a trochanteric 
bursitis (Fig. 5). Symptomatic treatment plus 
physical therapy resulted in marked diminution 
of symptoms and the patient eventually became 
asymptomatic. 


Comment. This case effectively illustrates 
the value of hip arthrography in determin- 
ing the necessity for surgery. The clinician 
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thought the patient had a loosened pros- 
thesis and ordered the arthrogram as a 
preoperative examination; however, pain 
in the patient with a total hip prosthesis 
does not always mean loosening. A more 
conservative*® approach was indicated by 
the results of the arthrogram which allowed 
appropriate therapy to be instituted. 


Case vi. A 50 year old male was seen in the 
Orthopedic Clinic for evaluation of pain in the 
left hip. He had had a total hip prosthesis im- 
planted approximately three years previously 
for degenerative arthritis. Routine roentgeno- 
grams showed an ununited fracture of the 
greater trochanter with breaks in the stabiliza- 
tion wires (Fig. 64). An arthrogram was per- 
formed and demonstrated extravasation of con- 
trast material into the fracture site as well as 
medially along the flange of the base of the neck 
of the femoral component (Fig. 6, B and C). 
Operative restabilization of the greater tro- 
chanter was carried out and the patient re- 
covered without incident. 


Comment. Routine roentgenograms effec- 
tively demonstrated the fracture of the 
greater trochanter and stabilization wires 
as well as heterotopic bone formation. Al- 
though there was no evidence of bony 
union at the fracture site, fibrous union 
could not be excluded. The arthrogram 
demonstrated contrast material in the frac- 
ture site indicating nonunion and also 
eliminated loosening of the prosthesis as a 
diagnostic possibility. These findings al- 
lowed the orthopedic surgeon to limit his 
surgical approach to restabilization of the 
greater trochanter with subsequent re- 
covery of the patient. 

The significance of contrast medium be- 
tween the flange of the base of the neck of 
the femoral component and the adjacent 
bone is not known at this time. It may be 
related to resorption of bone at sites of 
greater stress; however, if not associated 
with evidence of loosening more inferiorly, 
we currently regard it as a finding of doubt- 
ful clinical significance. 


DISCUSSION 
The patient with a painful total hip pros- 
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Fic. 6. (4) There is a fracture through the greater trochanter without evidence of bony union as well as frac- 
tures through the stabilization wires. Heterotopic bone formation is also present. (B and C) Arthrogram 
with subtraction technique demonstrates contrast material in the fracture site indicating nonunion rather 
than fibrous union. Contrast material is noted between flange at base of neck and bone. 


thesis presents a diagnostic dilemma to the 
orthopedic surgeon and radiologist. Routine 
roentgenograms frequently show a lucent 
zone between the methyl methacrylate sur- 
rounding the acetabular component and 
the bony acetabulum which may be normal. 
Interval roentgenograms may show pro- 
gressive widening of this lucent zone con- 
firming the suspected loosening; however, 
in a patient with pain, it is highly desirable 
to determine the etiology as soon as possi- 
ble. Since this lucent zone may not widen 
even in the presence of loosening, rather 
than temporizing with interval roentgeno- 
grams, arthrography is advocated to es- 
tablish a definitive diagnosis. 

Analysis of fluid aspirated at the time of 
arthrography is very helpful in determining 
loosening secondary to infection. The ab- 
sence of purulent fluid does not exclude in- 
fection as the cause and sterile saline (with- 
out bacteriostatic agent) aspirations of the 
pseudocapsular space should be obtained 
for aerobic and anaerobic cultures. 

When infection is the cause of loosening, 
abscess formation and fistulous tracts may 
be present, communicating with the pseu- 
docapsular space. Their demonstration by 
arthrography is important since adequate 
surgical drainage must be instituted for 
recovery to occur. 


Dislocation most frequently occurs sec- 
ondary to a malpositioned prosthesis or to 
an avulsion fracture of the greater trochan- 
ter and its stabilization wires which results 
in increased instability. In the early post- 
operative period the hip prosthesis may 
dislocate because of lack of a pseudocapsule 
since complete formation of the pseudo- 
capsule requires approximately five months. 
Failure to reduce a dislocated hip prosthesis 
indicates increased intra-articular pressure 
which may be secondary to a collection of 
blood. Arthrography may assess the in- 
tegrity of the pseudocapsule, demonstrate a 
hematoma communicating with the pseudo- 
capsular space as well as the filling defects 
representing clotted blood, and furnish 
fluid from the pseudocapsular space for 
analysis. 

Although pain in a patient with a total 
hip prosthesis frequently indicates loosen- 
ing, we have observed several cases where 
the arthrogram has implicated other causes, 
necessitating a different type of treatment. 
Filling of the trochanteric bursa indicates 
a trochanteric bursitis which is a nonsurgi- 
cal cause for hip pain in a patient with a 
total hip prosthesis. Symptomatic treat- 
ment as well as physical therapy usually 
results in full recovery. Fractures through 
the greater trochanter may be ununited or 
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fibrous union may be present. If contrast 
material is observed in the fracture site on 
arthrography, nonunion is demonstrated 
and motion at the fracture site may be the 
cause of the patient’s pain. Reapproxima- 
tion of the fracture fragment and stabiliza- 
tion wires will promote bony union. ° 
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THE GROOVES OF THE DISTAL ARTICULAR SURFACE 
OF THE FEMUR—A NORMAL VARIANT™* 
By R. BRENT HARRISON, M.D.,t MARY BETH WOOD, M_.D.,1 
and THEODORE E. KEATS, M.D.§ 


© CHARLOTTESVILLE, VIRGINIA 


HE distal articular surface of the 

femur articulates with the patella an- 
teriorly and with the tibia posteriorly and 
inferiorly. These anterior and inferior artic- 
ulations are separated by shallow grooves 
(Fig. 1; and 2). The groove in the lateral 
condyle is usually better defined and ex- 
tends laterally and forward from the front 
part of the intercondyloid fossa and ex- 
pands to form a triangular depression.! The 
anterior part of the lateral meniscus rests 
in this depression when the knee is ex- 
tended. The groove of the medial condyle 
is present only on the medial aspect of the 
condyle and receives the anterior portion 
of the medial meniscus when the knee 1s 


e 
fully extended. 

These grooves are frequently seen on the 
axial projection (sunrise) and lateral views 
and may simulate compression fractures 
(Fig. 3) or osteochondritis dissecans (Fig. 
4; and 5). 

Keats? recognized these irregular areas 
as normal variants and termed them a 
“transition zone” (Fig. 6). The appearance 
of the groove on the axial projection (sun- 
rise) view obviously depends on the depth 
of the groove and also on the angle of the 
x-ray beam (Fig. 2). 

As with all normal variants, the signifi- 
cance lies in knowing these grooves exist 
and recognizing their variable appearance 





Fic. 1. Photographs of femur demonstrate grooves in the lateral (+>) and medial (—) condyles. 


* From the Department of Radiology, University of Virginia Medical Center, Charlottesville, Virginia. 
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Fic. 2. Spot film roentgenograms of specimen femur 
show change in appearance of groove in medial 
condyle with change in the angle of the roentgen- 
ray. beam. 
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Fic. 3. Groove in the medial condyle mimics com- 
pression fracture in the lateral view. 
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Fic. 4. Deep grooves in both medial condyles simulate osteochondritis 
dissecans in the axial projection (sunrise) view. 





Fic. 5. Groove in medial condyle simulates osteochondritis dissecans in the lateral view. 
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Fic. 6. Groove in the medial condyle appears as shallow depression or 
“transition zone” as described by Keats. 


on the roentgenogram to obviate their mis- REFERENCES 


interpretation as a pathologic process. 
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CHIBA PERCUTANEOUS TRANSHEPATIC 
CHOLANGIOGRAPHY* 


A VALUABLE METHOD FOR VISUALIZING THE 
NONDILATED BILIARY TRACT 


By JOSEPH TABRISKY, M.D., RABBE L. LINDSTROM, M.D., LAURENCE 
G. HANELIN, M.D., and WILLIAM F. PFISTERER, M.D. 


TORRANCE, CALIFORNIA 


ABSTRACT: 


Percutaneous transhepatic cholangiography with the Chiba needle has had re- 
markable results in cannulating small bile ducts. We have roentgenographically 
visualized a nondilated biliary system in the first five out of seven cases attempted. 
Including our series, there have been 71 successful Chiba studies in 107 nondilated 
or presumed normal biliary tracts with only one questionable major complication. 
The technique is simple to learn, particularly in comparison with endoscopic retro- 
grade cholangiography. Since the incidence of complications is low, surgical stand- 
by should seldom be necessary. The value of the Chiba percutaneous transhepatic 
cholangiogram is described vza four unusual case reports. 


PESU TANT transhepatic cholan- 
giography (PTC) is generally recog- 
nized as the definitive method short of 
surgical exploration for the diagnosis of 
lesions that obstruct the biliary tract. Un- 
fortunately this procedure must have the 
close cooperation of a surgical team be- 
cause of the potential complications of bile 
leakage and hemorrhage. Moreover, bile 
ducts that are normal or small in size usu- 
ally cannot be demonstrated. This problem 
is important since some lesions do not dilate 
the biliary ducts and therefore defy detec- 
tion by standard PTC. Although the un- 
successful demonstration of bile ducts by 
PTC has been considered prima facie evi- 
dence for a nondilated biliary tract, the 
clinician frequently feels insecure with a 
diagnosis derived from negative rather than 
positive data. 

The PTC procedure as modified by 
Japanese investigators utilizes a long, thin, 
sheathless (Chiba) needle which can tra- 
verse large volumes of liver.’ Their ex- 
perience, confirmed by others,’ reveals 
greater than 60 percent visualization in 
nondilated biliary tracts or nonsurgical 
hepatobiliary disease. Major complications 


have been less frequently reported than in 
series which utilize the larger, sheathed 
needles.? 5.7 

Recently, the advent of endoscopic retro- 
grade cholangiography (ERC) has en- 
hanced the preoperative diagnosis of the 
etiology of jaundice.’ Although complica- 
tions from this technique are minor, the 
skill of the endoscopist is critical to the 
success of the procedure.!+*6 ERC requires 
considerable practice before one achieves 
reasonable proficiency in cannulating the 
ampulla of Vater. Situations can develop 
when an endoscopist familiar with ERC is 
not available, ERC is technically impossi- 
ble, or the bile ducts proximal to the ob- 
struction cannot be discerned. 

Our paper discusses the value of the 
Chiba PTC as a diagnostic method when 
information cannot be obtained by ERC or 
other techniques. 


REPORT OF CASES 


Case 1. A 65 year old male was hospitalized 
on June 5, 1975, because of the sudden onset 
of right upper quadrant pain. He had a bleeding 
duodenal ulcer treated by a subtotal gastrec- 
tomy with a Billroth 1 anastomosis in 1954 and 


* From the Department of Radiology, Harbor General Hospital-UCLA School of Medicine, Torrance, California. 
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Fic. 1. Case 1. A rim of calcium (black arrows) rep- 
resents a hepatic artery aneurysm which extends 
far to the right of the vertebrae. Note the abdom. 
inal aortic and splenic arterial aneurysms, The 
hepatic vessels are not opacified by the contrast 
medium. 


a cholecystectomy in 1955 as a consequence of 
cholelithiasis. 

The patient was afebrile on admission and 
had normal liver function tests. Ten days later 
he became febrile coincident with blood cul- 
tures positive for gram negative bacteria. Liver 
function tests became abnormal: total serum 
bilirubin 3.8 mg per 100 ml (normal: o.1-1.2 
mg per per Ioo ml), alkaline phosphatase 259 
IU (normal: 36-42 IU), and LDH 237 IU 
(normal: 109-193 IU). He also had a hepatic 
artery aneurysm which was calcified and easily 
observed on an abdominal roentgenogram 
(Fig. 1). 

His precarious clinical state required an 
exact definition of the nature and extent of the 
lesion causing the presumed obstructive jaun- 
dice. Since ERC was technically impossible 
because of the previous Billroth 1 procedure, 
the Chiba PTC was considered to have the best 
chance of roentgenographically visualizing the 
biliary system. 

Only a small hepatic area was accessible to 
a percutaneous puncture since bowel was inter- 
posed between the flank and the liver and the 
hepatic artery aneurysm bulged ominously to 
the right of the mid-line. The Chiba PTC was 
accomplished via an anterior approach at the 
mid-clavicular line just inferior to the 12th rib. 
The needle was angled laterally in order to 
avoid the hepatic aneurysm. On the second at- 
tempt a superior bile duct in the right hepatic 
lobe was cannulated. A short segmental stric- 
ture of a distal posterior divisional bile duct 
was noted, and a possible intrahepatic mass 
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shifted the main left and right hepatic ducts 
inferiorly (Fig. 24). A radiolucent stone par- 
tially obstructed the distal common bile duct 
(CBD) (Fig. 2B). The entire common duct was 
displaced to he right by the huge hepatic 
artery aneurysm. 

Subsequently, the stone was removed and a 
T-tube inserted into the common bile duct. The 
possible intrahepatic mass could not be investi- 
gated at surgery due to the patient’s critical 


Fic. 2. Case 1. (4) Chiba needle enters a superior 
biliary radicle. There is a stricture of the posterior 
divisional duct. Note the extrinsic pressure push- 
ing the main right and left hepatic ducts inferiorly 
(B) A radiolucent stone is evident in the distal 
CBD. The proximal common duct is displaced to 
the right by the calcified hepatic artery aneurysm. 
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condition. He promptly defervesced postopera- 
tively and his liver functions tests returned to 
normal. 


Case 11. A 63 year old male was hospitalized 
+ A 
on June 28, 1975, because of a one month his- 
tory of mid epigastric pain. One week prior to 
admission the patient noted that his pain radi- 
ated to the right upper quadrant and that his 
stools were lighter in color. 

In November, 1974, he had had an episode 
of similar pain. Oral cholecystography at that 
time resulted in non-visualization of the gall- 
bladder. Since his symptoms rapidly resolved 
the patient did not return for follow-up. There 
was no history of hepatitis, alcoholism, nor 
exposure to drugs or industrial toxins. 

Shortly after admission the patient became 
febrile. Blood studies revealed: total serum 
bilirubin 3.9 mg per 100 ml, alkaline phospha- 
tase 377 IU, and LDH 159 IU. Intravenous 
cholangiography was not attempted since the 
serum bilirubin elevation indicated the high 
probability of failure. Because of the presump- 
tive diagnosis of ascending cholangitis due to 
choledocholithiasis, an emergency operation 
was deemed necessary. A Chiba PTC was per- 
formed to delineate the presence, number, and 
position of the probable stones. The cholangio- 
gram revealed strictures at the origin of the 
main hepatic ducts and a radiolucent stone in 
the distal CBD (Fig. 3). The cystic duct and 
gallbladder could not be outlined. The CBD 
was slightly dilated and contained linear radio- 
lucencies consistent with poor mixing of con- 
trast medium and viscous bile. The main he- 
patic ducts and their radicles were small and 
devoid of filling defects. 

At operation, the stone described by cho- 
langiography was removed. However, the gall- 
bladder and cystic duct were totally absent, 
presumably due to a congenital defect. A T- 
tube was inserted into the CBD and the patient 
had an uneventful recovery. 


Case 111. A 46 year old female was hospital- 
ized on April 16, 1975, because of nausea, 
vomiting, and abdominal pain localized to the 
right upper quadrant. A gastric adenocarci- 
noma involving the fundus and distal esopha- 
gus was discovered in 1970. Since then she had 
a partial gastrectomy and esophagectomy 
(1970) and another resection with colon inter- 
position for recurrent tumor (1972). In Septem- 
ber, 1974, an exploratory laparotomy for par- 
tial obstruction at the colonic-jejunal anasto- 
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Fic. 3. Case 11. The intrahepatic ducts are small. 
There is a stricture at the origin of the main he- 
patic ducts and dilatation of the CBD. Radio- 
lucent streaks in the CBD were interpreted as 
viscous bile which could not mix with the contrast 
medium. A radiolucent stone is present in the 
distal CBD. Neither the cystic duct nor gall- 
bladder could be demonstrated. 


mosis revealed poorly differentiated adeno- 
carcinoma involving the anastomosis and 
adjacent lymph nodes. Resection of the lesion 
along with 30 cm of small bowel, a jejuno- 
jejunostomy and postoperative irradiation 
through an anterior abdominal portal were 
accomplished. 

The patient had serum hepatitis in 1970. She 
was a known alcoholic with an admitted con- 
sumption of more than three whiskey drinks 
per day. A cholecystectomy for cholelithiasis 
had been performed at least 20 years ago. 





Fic. 4. Case 1v. An intraoperative transcholecysto- 
cholangiogram shows a normal gallbladder, cystic 
duct, and common bile duct. The common hepatic 
duct was interpreted as normal. Faint streaming 
of the contrast medium into the right hepatic duct 
resulted in inadequate delineation of the intra- 
hepatic biliary tract. 


The upper gastrointestinal and small bowel 
series were normal except for the obvious 
surgical changes; no recurrent tumor was 
observed. A Tc™ sulfur colloid scan demon- 
strated hepatosplenomegaly and increased bone 
marrow uptake but no focal liver defects. A 
diagnosis of active alcoholic hepatitis was made 
from a percutaneous liver biopsy. 

During her hospitalization the serum biliru- 
bin determinations rose from 12.3 to 21 mg per 
100 ml. Alkaline phosphatase levels ranged from 
51.6 to 59.5 IU, LDH from 173 to 194 IU, and 
SGOT from 200 to 237 IU. She spiked daily 
temperature elevations to 101°F. 

The progressive increase in serum bilirubin, 
persistent fever, pain in right upper quadrant, 
and past history of cholelithiasis suggested the 
remote, although significant, possibility of chole- 
docholithiasis with obstructive jaundice. The 
active alcoholic hepatitis was a prime cause for 
the jaundice but a common duct stone or stra- 
tegic focus of tumor might be present and con- 
tributing to her hepatic failure. 

Intravenous cholangiography and ERC were 
technically impossible, the former because of 
the hepatocellular dysfunction and the latter 
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due to the surgically altered anatomy. A Chiba 
PTC was attempted as the lowest risk proce- 
dure to obviate laparotomy and as the best 
method for cannulating nondilated bile ducts. 
An entirely ngrmal biliary system without ob- 
struction was demonstrated. As a result the 
patient was spared surgery and treated medi- 
cally for alcoholic hepatitis. She recovered 
sufficiently to be discharged from the hospital. 


Case Iv. A 40 year old male was hospitalized 
on April 19, 1974, following a motorcycle acci- 
dent. He had a liver laceration which coursed 
superior to the gallbladder and dissected deeply 
into the inferior liver edge. The patient had an 
uneventful recovery except for persistently ab- 
normal liver functions: total serum bilirubin 1.6 
mg per 100 ml, alkaline phosphatase 259 IU, 
and LDH 257 IU. 

On October 9, 1974, he was re-admitted with 
pruritus and jaundice. Pertinent laboratory 
findings were: total serum bilirubin 5.9 mg per 
100 ml, alkaline phosphatase 293 IU, and LDH 
183 IU. There was non-visualization of the 
biliary tract by intravenous cholangiography. 
The rose bengal scan was interpreted as showing 
partial obstruction of the biliary tree due to 
delayed emptying of the isotope into the bowel. 
ERC was technically unsuccessful. PTC with 
a standard large sleeve catheter failed to show 
a bile duct despite multiple attempts resulting 
in the presumption that there was a nondilated 
biliary tree. Percutaneous biopsy of the right 
hepatic lobe represented only intrahepatic 
cholestasis. 

At exploratory laparotomy on November 4, 
1974, an operative transcholecystocholangio- 
gram showed a normal common bile duct 
although the proximal hepatic and intrahepatic 
ducts were not satisfactorily visualized (Fig. 
4). A large pancreatic pseudocyst was drained 
via a cholecystojejunostomy. Persistent fever 
and pruritus prompted a second laparotomy 
at which a small subhepatic abscess was drained 
and no other lesion noted. 

Despite multiple intravenous  cholangio- 
grams, an intraoperative cholecystocholangio- 
gram, two laparotomies, a standard PTC, and 
an ERC, visualization of the porta hepatis and 
intrahepatic ducts could not be accomplished. 
The severe pruritus suggested a degree of ob- 
struction that was not confirmed by any 
standard test. Consequently, to obviate haz- 
ardous re-exploration, the Chiba technique was 
attempted to visualize roentgenographically 
the intrahepatic ducts and porta hepatis. 
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Fic. 5. Case 1v. (4) The cholangiogram demonstrates extrinsic compression of the common he 
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patic duct 


(arrow 1). Note the normal common bile duct and cystic duct. (B) The Chiba needle enters a branch 
leading to the left main hepatic duct. The narrowed common hepatic duct is observed proximal to the 


pseudo-dilatation (arrow 2) caused by a projectional artifact. 


(arrow 3) is well outlined on this oblique view. 


A small left hepatic duct was entered and the 
resultant cholangiogram demonstrated a fistu- 
lous tract between the proximal left hepatic 
duct and the descending ducdenum. The intra- 
hepatic ducts were not dilated and the common 
hepatic duct distal to the junction of the main 
hepatic ducts was compressed by a smooth 
extrinsic pressure defect (Fig. 5, 4 and B). The 
contrast medium preferentially drained through 
the fistula into the duodenum. 

On the basis of the Chiba cholangiogram the 
patient was considered to have adequate drain- 
age of the biliary tract via the left hepatodocho- 
duodenal fistula. Rapid amelicration of his 
pruritus as well as a decrease in serum bilirubin 
occurred after the institution of phenobarbital 
and cholestyramine therapy. 


DISCUSSION 


Many difficulties still exist in making a 
preoperative diagnosis in jaundiced pa- 
tients. Oral and intravenous cholangiogra- 
phy are frequently useless. Liver function 
studies may suggest biliary obstruction 
rather than primary hepatocellular dys- 
function but cannot delineate the anatomic 
lesion. PTC which utilizes the larger, 


The left hepatodocho-duodenal fistula 


sheathed needle has a variable and often 
poor success rate when there is little or no 
dilatation of the biliary tract. Moreover, 
significant complications can occur from the 
procedure thus necessitating surgical stand- 
by.2> Although ERC is often diagnostic, 
it requires a skill that can be acquired 
only with considerable practice. ERC can- 
not be performed if the ampulla of Vater is 
anatomically inaccessible. 

The Chiba PTC is a simple technological 
advance that obviates surgical stand-by 
and allows an excellent chance of roentgen- 
ographically visualizing the nondilated as 
well as the dilated biliary system. The 23- 
gauge needle, developed at Chiba Uni- 
versity in Japan, is made of flexible steel 
and contains a stylet but not an outer 
sheath. The small cross-sectional size of 
the needle reduces the area of the puncture 
wound and the diameter of the tract. These 
facts probably account for the decreased 
complications and a better chance to can- 
nulate nondilated intrahepatic bile ducts. 

The first patient, with bowel interposed 
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in the right flank lateral to the liver, he- 
patic artery aneurysm, and a Billroth 1 
anastomosis, could be studied by PTC only 
through a small anterior portal. The Chiba 
technique allowed the strategic cannula- 
tion of a biliary radicle that probably 
would have been inaccessible to the larger 
sheath needle. 

The second patient who had acute as- 
cending cholangitis required an emergency 
PTC. Although the CBD was dilated, the 
intrahepatic ducts were not. The Chiba 
needle entered and permitted roentgeno- 
graphic visualization of the small intra- 
hepatic biliary system. At surgery, in addi- 
tion to choledocholithiasis, the diagnosis of 
agenesis of the gallbladder and cystic duct 
was first appreciated. Since other anomalies 
of the biliary tract commonly co-exist, the 
preoperative Chiba examination allayed the 
concern that more than one surgical lesion 
might be present. 

The third patient had known gastric 
adenocarcinoma and active alcoholic hepa- 
titis but had survived three operations for 
her disease during the past five years. 
There was a remote possibility that a surgi- 
cally correctable lesion was causing the de- 
terioration of her hepatic function. The 
Chiba PTC proved conclusively that an 
obstructive lesion did not exist, thereby 
preventing a laparotomy with a potentially 
high mortality rate. 

The fourth case was a diagnostic enigma. 
Despite the use of every available method 
of investigation including laparotomy, ERC, 
and intraoperative cholangiography, the 
etiology of his intrahepatic cholestasis 
eluded detection. An inference of a non- 
dilated biliary system was made because a 
large needle PTC was unsuccessful in dem- 
onstrating bile ducts. The Chiba study 
finally delineated the anatomic lesions of 
common hepatic duct stenosis and left 
hepatodocho-duodenal biliary fistula. Con- 
sequently the patient was spared needless 
surgery and received appropriate medical 
therapy. 

Although our experience is admittedly 
small, we have been able to demonstrate 


five of seven (71 percent) nondilated biliary 
systems and have had no major complica- 
tions in the 13 procedures performed. Our 
results in the nondilated biliary tract paral- 
lel those of Qkuda et al? and Redeker et al. 
Summarizing the three series, there have 
been 71 successful cholangiograms in 107 
nondilated or presumed normal biliary 
tracts with only one major complication. 
This was a hepatobronchial fistula which, 
according to the clinical history, might 
have developed prior to the examination.’ 
Transient febrile episodes that were self- 
limited or rapidly controlled by antibiotics 
were considered minor complications. The 
technique, relatively easy to learn, seems 
valuable as a primary procedure or alterna- 


tive to ERC. 


Joseph Tabrisky, M.D. 
Department of Radiology—Box 27 
Harbor General Hospital 

1000 West Carson Street 
Torrance, California 90509 
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ORGANIZING A COMMUNITY DEPARTMENT 
FOR ACADEMIC RADIOLOGY* 
By D. WILLIAM SHERRICK, M.D.,+ P. F. MAHON, M.D.,{ 


DAVID B. LEWIS, M.D.,§ and ERWIN M. JANZEN, M.D.§ 
SPRINGFIELD, ILLINOIS 


ITH the current emphasis on com- 

munity based medical schools and the 
extension of traditional schools into com- 
munity hospitals, the opportunity to de- 
velop an academic Department of Radiol- 
ogy may present itself to radiologists in 
private practice. Presented with this chal- 
lenge and unencumbered by previous tradi- 
tion, the radiologists in Springfield, Illinois, 
have developed what we consider to be a 
very workable organizational structure. 
Our organization allows us to continue the 
independent practice of radiology and to 
meet the needs of the academic Radiology 
program. This is a recounting of the evolu- 
tion of the Radiology Department within 
the guidelines established for development 
of the new Southern Illinois University 


School of Medicine. 


CHRONOLOGY OF EVENTS 


In 1965 the Illinois State Legislature 
passed a bill to create additional facilities 
for medical education and the Board of 
Higher Education was directed to establish 
a commission to survey the status of educa- 
tion in health fields in Illinois. This com- 
mission (The Campbell Commission) pub- 
lished its results in June of 1968 and recom- 
mended that Southern Illinois University 
School of Medicine be established with the 
preclinical year to be spent on the Carbon- 
dale Campus of Southern Illinois Univer- 
sity and the clinical training years in 
Springfield, Illinois. Richard H. Moy, 
M.D. was appointed Dean of Southern 
Illinois University School of Medicine in 
December of 1969. 

Two community hospitals with a total 
bed capacity of approximately 1,300 pro- 
vide excellent medical facilities for the 


go,cco inhabitants of Springfield. The 
medical population served by these two 
large community hospitals approaches 
300,000. Affiliation agreements were signed 
between the two hospitals and Southern 
Illinois University School of Medicine. The 
medical school does not own nor operate a 
teaching hospital, and the clinical teaching 
is performed in the affiliated hospitals. 

The locally practicing physicians were 
encouraged to participate in the formation 
of a teaching program and to form search 
committees to aid in the recruitment of full 
time faculty. A limited number of full time 
academic faculty has been recruited and 
part time and volunteer clinical faculty 
provide significant teaching in all major 
departments. 

The Charter Class of the new medical 
school began basic science instruction in 
Carbondale in June of 1973 and an Ad- 
vanced Standing Class of third year medi- 
cal students entered clinical training in 
Springfield in October of 1973. In the 
Spring of 1975 Southern Illinois University 
School of Medicine received full accredita- 
tion and graduated its first M.D.’s. 


ORGANIZING RADIOLOGY DEPARTMENT 


One of the basic guidelines of the Camp- 
bell Commission Report was for new medi- 
cal schools to make maximum use of exist- 
ing manpower and physical resources. The 
radiologists have attempted to follow this 
premise in the organization of their aca- 
demic Department of Radiology. 

We will begin our saga of the evolution 
of the academic Department of Radiology 
in 1970. At that time two groups of radiolo- 
gists were practicing in Springfield, one at 
each of the community hospitals, and while 


* From the Department of Radiology, Southern Illinois University School of Medicine, Springfield, Illinois. 
+ Chairman and Clinical Professor. {Assistant Chairman and Clinical Professor. §Clinical Professor. 
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good personal relationships existed between 
the radiologists, each group was organized 
into separate service corporations. The 
eight radiologists practiced general radiol- 
ogy including radiation therapy, nuclear 
medicine and all branches of diagngstic 
radiology. 

The radiologists agreed to accept the 
commitment to provide the radiology 
teaching for the academic program and to 
form the academic faculty of the Depart- 
ment of Radiology. Our first need was for a 
formal structure to unite the radiologists 
into a single faculty. Merger of the two 
medical service corporations was considered 
but was not feasible for multiple reasons. 

When actual merger was abandoned, it 
was decided to create a third corporation 
termed University Radiologists, S.C. Uni- 
versity Radiologists would contract with 
the Southern Illinois University School of 
Medicine for payment of a negotiated 
number of full time equivalent faculty. 
During the planning years, before the ar- 
rival of medical students, the number of 
full time equivalents in the Department of 
Radiology was small. Currently, with stu- 
dents in attendance, there are 5.7 full time 
equivalent academic faculty within the 
Department of Radiology. All of the radiol- 
ogists are shareholders in University Radi- 
ologists and this corporation provides a 
formal organizational structure for the 
faculty. Operating within a corporate struc- 
ture was familiar to the radiologists and 
was easily adapted to the academic pro- 
gram. The Board of Directors of University 
Radiologists is the policy making board for 
the academic Radiology program and 
monthly meetings provide a forum for dis- 
cussion of academic matters. 

The number of full time equivalents to 
deliver the academic program in Radiology 
is discussed and negotiated with the Asso- 
ciate Dean of Medical Education. The 
mutually agreed upon number of full time 
equivalent faculty is then compensated at 
academic faculty rates through an annual 
contract between Southern Illinois Uni- 
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versity School of Medicine and University 
Radiologists, S.C. The total compensation 
for the full time equivalent academic fac- 
ulty is paid in monthly installments to 
University Radiologists, S.C. and the dis- 
bursement of those funds is determined by 
the Board of Directors. 

Organizing the faculty into a corporation 
provided a legal entity to recruit additional 
radiologists. Since 1970, seven additional 
faculty members have been recruited. 
Those radiologists who practice at both of 
the affliated hospitals, such as the two new 
radiation therapists and the radiation 
physicist, are employed by University 
Radiologists, S.C. The four diagnostic ra- 
diologists recruited are hired by the medi- 
cal service corporations and practice at one 
of the affiliated hospitals. 

The hiring of the radiation therapists by 
University Radiologists, S.C. requires that 
this corporation also serve as the business 
corporation for radiation therapy. Fringe 
benefits including pension and profit shar- 
ing plans, malpractice and other forms of 
Insurance are provided for the therapists 
and physicist through University Radiolo- 
sists, S.C, 

The Board of Directors of University 
Radiologists consists of two members from 
each of the two radiologic service corpora- 
tions, a radiation therapist, the assistant 
chairman and the chairman of the academic 
Department of Radiology. This representa- 
tion on the Board helps to prevent frag- 
mentation of radiology into separate de- 
partments of diagnosis and therapy. There 
are currently, between the two hospitals, 
fifteen faculty members in the Department 
of Radiology (University Radiologists, 
SAS): 

When the radiologists agreed to accept 
the teaching commitment for the academic 
program in Radiology they also agreed to 
subspecialize with each faculty member 
concentrating his efforts and interest in 
well defined fields. Subspecialization ap- 
plies to community needs as well as the 
individual group needs. Recruitment was 
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Fic. 1. Diagram of the organizational structure of the academic Department of Radiology. The Chairman of 
the Department serves as the President of University Radiologists. In time, the radiation therapists may 
elect to form their own service corporation in radiation therapy and relate in the same way to University 
Radiologists as the diagnostic radiology corporations. 


also designed to supplement subspecialty 
requirements within the department. To 
date, there has been no turnover in the 
radiology faculty and the subspecialty re- 
quirements have been well fulfilled by the 
older faculty members as well as the more 
recently recruited faculty. 

Initially, we elected to appoint acting 
co-chairmen from each hospital for the ad- 
ministration of the Department during its 
early developmental years. During this pe- 
riod we considered recruiting radiologists 
known for their ability as teachers to aid in 
the delivery of the radiology program. 
“Teaching” radiologists were difficult to 
locate and recruit and our decision was to 
accept the teaching responsibility with no 
full time academicians within the depart- 
ment. 

In 1973 a chairman and an assistant 
chairman were named for the Department 
of Radiology. The chairman provides a 
communication link between the Medical 
School Dean and the faculty. In addition 
to the usual duties of this position, the 
chairman also serves as the President of the 
Board of Directors of University Radiolo- 
gists, S.C. In this role the chairman be- 
comes the implementor of policy decisions 
made by the Board. This dual role of the 


chairman is not dissimilar to the role of 


other chairmen, but the duties and re- 
sponsibilities are better defined when the 
faculty is organized into a corporation. The 
chairman has less autonomy in the corpo- 
rate structure but has the distinct ad- 
vantage of regular input by senior faculty 
members who make up the Board of 
Directors. 

Our organization of the academic De- 
partment of Radiology has proved to be 
practical and workable for our needs (Fig. 
1). In establishing this organization we 
have benefited from the constant support 
of the Dean of the Southern Illinois Uni- 
versity School of Medicine and his support 
has facilitated the creation of this non- 
traditional faculty organization. 

The radiology faculty has responded in a 
very gratifying manner to the challenge of 
teaching students and residents. We have 
recently received accreditation for a diag- 
nostic radiology residency program. All 
members of the radiology faculty partici- 
pate in the teaching program and are en- 
thusiastic teachers. Within the academic 
environment the radiology faculty is evolv- 
ing toward clinical research and scholarly 
endeavors. 

The Liaison Committee for the Medical 
Education Accreditation Team described 
the organization of the Department of 
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Radiology as having a salutary effect on 
our professional community and was en- 
thusiastic about its development. 

The successful organization and opera- 
tion of our academic department by local 
physicians have allayed some of the anxi- 
eties which inevitably accompany the es- 
tablishment of a new community based 
Medical School. Our organization may serve 
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as a model for other physicians confronted 
with the challenge of developing an aca- 
demic program within the framework of in- 
dependent practice. 


D. William Siferrick, M.D. 

Department of Radiology 

Southern Illinois University School of Medicine 
P.O. Box 3926 

Springfield, Illinois 62708 
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COMPUTERIZED TOMOGRAPHY (CT) IN 
ACUTE HEAD TRAUMA* 


By JORGE MERINO-pEVILLASANTE, M.D.,+ and JUAN M. TAVERAS, M.D. 


e BOSTON, MASSACHUSETTS 


ABSTRACT: N 


The retrospective evaluation of 100 cases of head trauma that were subjected to 
computerized tomography (CT) leads to the following conclusions: (1) Computer- 
ized tomography and plain skull survey, should be the first neuroradiological pro- 
cedures to perform. (2) Angiography may be carried out after computerized tomog- 
raphy when necessary, but as proved by this series, it will be needed in a relatively 
small number of cases. These include patients with technically limited CT scans or 
those in whom the possibility of an associated vascular lesion of the cervical or 
intracranial vessels is clinically suspected. (3) It is essential to obtain CT scans of the 
best possible quality. Sedation will be required in many instances, but this is con- 
sidered worth doing because a normal CT scan, without significant technical 
limitations, will exclude the presence of lesions requiring prompt surgical inter- 
vention. Those patients who require surgery will need general anesthesia under any 
circumstances. (4) There is generally a direct relationship between the severity 
of clinical presentation and the CT demonstration of the abnormality responsible 
for the clinical status. Seventy percent of the patients clinically diagnosed as con- 
tusion had positive CT scans, and for all practical purposes, 100 percent of patients 
having trauma more severe than our Group 111 (contusion) had abnormal CT scans. 
Likewise, the number and intensity of tissue abnormalities on CT scans increase 
proportionately with the severity of the clinical signs and symptoms. (s) It is fore- 
seen that, with the advent of faster computerized tomographic scanners, the useful- 
ness of this method will increase further, owing to a reduction in the total examina- 


tion time and the lessened requirement for sedation. 


Vy the constant increase in high 
velocity accidents and violence over 
the past decades, the matter of acute head 
trauma is one of prime importance in to- 
day’s medical practice. In his classic text- 
book dealing with head trauma, Brock 
states that. “The appalling number of 
accidents in modern life makes the subject 
of injury as important as that of any 
pandemic scourge.” 

It is our goal to devise methods that 
would allow us to diagnose readily and with 
precision the effects of trauma upon the 
brain and its coverings in order to institute 
the proper treatment at the earliest possible 
moment. The acute effects and the chronic 
sequelae of trauma are often severely dis- 
abling and the importance of early therapy 


cannot be overemphasized. Computerized 
tomography allows us to make a diagnosis 
quickly and in a non-invasive manner. 

The purpose of this study is to discuss 
the important role of computerized tomog- 
raphy (CT) in the management of acute 
head trauma. 


PATHOLOGY AND DEFINITIONS 


Several pathologic processes occur as a 
result of trauma to the brain and its cover- 
ings: 

(1) Edema or brain swelling is of varying 
intensities, from mild and focal, to severe 
and diffuse. 

(2) Contusion means bruising or crushing 
without interruption of physical continuity 
of brain cortex. It is a pathological term, 


* From the Departments of Radiology, Massachusetts General Hospital and Harvard Medical School, Boston, Massachusetts. 
t Present Address: Institute of Neurology, Mexico City, Mexico. 
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used widely in clinical practice. Contusion 
is produced by a sudden blow to the head. 
Bruises or hemorrhagic areas are macro- 
scopically visible and are the result of dis- 
ruption of small vessels with extravasation 
of blood insufficient to produce a frank 
hematoma. These bruises (or lacerations) 
can be of variable intensity and the clinical 
presentations range from mild to severe, 
and are characterized by focal neurological 
findings, depending on the site of injury, 
such as aphasia, monoparesis, hemiplegia, 
etc. Contusion is one of the lesions typically 
produced by the coup-contracoup type of 
injury in which the malleable brain adopts 
a swirling motion due to the acute change 
in momentum of the head. It is thus 
crushed against different bony promi- 
nences, such as the wings of the sphenoid 
bones, the petrous ridges, the rough orbital 
surfaces and the frontal and occipital 
bones. 

(3) Hematomas in different compart- 
ments of the brain and its coverings may 
occur as follows: (a) Intracerebral hema- 
toma. This can be considered one step be- 
yond contusion. (b) Intraventricular hema- 
toma. This was thought to be the least 
common location of intracranial hematomas, 
but prior to the advent of computerized 
tomography the diagnosis could not be 
made except vza surgical intervention or 
autopsy. (c) Epidural hematomas. These 
result from laceration of a meningeal artery 
(or are occasionally secondary to venous 
bleeding). Epidural hematomas are most 
commonly located in the lower convexity of 
the skull or in the temporal fossa. Epidural 
hematomas usually occur within hours, but 
may take two to three weeks to develop in 
some cases; they are more common in the 
second and third decades of life. (d) Acute 
subdural hematomas. As a rule they de- 
velop more slowly, are almost always the 
result of venous bleeding owing to rupture 
of the bridging veins of the brain, and occur 
anywhere over the brain surface, except the 
occipital region which is unusual as a pri- 
mary location. Although occurring at any 
age, they are more common in the sixth to 
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the eighth decades of life. It is postulated 
that the slight shrinkage of the brain oc- 
curring with age permits greater excursion 
of the free floating organ during sudden 
deceleration,thus tearing the bridging veins 
going from the brain cortex to the dural 
sinuses. (e) Chronic subdural hematomas. 
Here a traumatic etiology is less clear. It 
may follow a trivial head injury occurring 
weeks or months previously. (f) Cortical 
and subcortical hematomas. These may 
represent an intermediate stage between 
contusion and frank intracerebral hema- 
toma. (g) Delayed traumatic intracerebral 
hematoma. This occurs days or a few weeks 
after trauma. 

(4) Post-traumatic atrophy is the result 
of the injury and may be focal or general- 
ized producing ventricular dilatation. The 
focal loss of brain mass leads to localized 
enlargement of the ventricles and sub- 
arachnoid spaces. 

(5) Obstructive hydrocephalus may be 
the result of arachnoid adhesions resulting 
from subarachnoid bleeding; but the latter 
may also lead to interference with absorp- 
tion of cerebrospinal fluid over the hemi- 
spheres, and subsequent hydrocephalus. 

Concussion is a clinical term and does 
not imply the presence of any specific lesion 
in the brain although some cases classified 
originally as concussion may later develop 
a mass lesion, most commonly a subdural 
hematoma. 


MATERIAL AND METHOD 


One hundred consecutive cases of head 
trauma of varving degrees were studied by 
computerized tomography in an 18 month 
period. The CT scans were obtained from 
four hours to 31 days after trauma. As the 
usefulness of the procedure became clearer 
the studies were carried out earlier, six to 96 
hours following the injury. Thirty-six pa- 
tients had surgery prior to computerized 
tomography. Twenty patients had sequen- 
tial scans. During the last six months, 
emergency coverage was provided 24 hours 
a day, and more patients were examined 
soon after the accident. 
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TABLE Í 


CT IN ACUTE HEAD TRAUMA 








Group I 5 patients 
Group 2 12 patients 
Group 3 24 patients 
Group 4 14 patients 
Group 5 35 patients 

IO patients 


Group 6 





A correlation between the severity of the 
trauma based on the clinical status and the 
findings at computerized tomography was 
undertaken. Six groups were encountered 
(Table 1) based on the degree and duration 
of alteration in consciousness using the 
grading proposed by Plum and Posner," 
e.g., alert wakefulness, lethargy, obtunda- 
tion, stupor, and coma. Abnormal postur- 
ing and pupillary reactions were also used. 

The abnormalities visualized at com- 
puterized tomography correspond to the 
five types of pathologic change described 
above. 

With the exception of mild focal edema, 
the first three groups of primary abnor- 
malities, edema, contusion and laceration, 
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and hematomas, are almost always accom- 
panied by a mass effect such as dislocation 
of the midline structures, compression of 
the ventricular system, and effacement of 
sulci and subarachnoid spaces by the swol- 
len təssues. 

(1) Edema. Edema (Fig. 1) is seen by 
computerized tomography as an area with 
an average density lower than that of the 
surrounding normal tissue.!~*’ The severity 
of the edema was classified as follows: Mild 
focal edema may produce only slight com- 
pression of the closest ventricular structure 
but no midline dislocation is recognizable. 
Moderate edema may be unilateral or bi- 
lateral, but the secondary mass effect is 
more obvious as represented by compres- 
sion of the ventricular system and disloca- 
tion of the midline structures. Severe 
edema is a diffuse low absorption lesion 
which can be unilateral or bilateral. If uni- 
lateral, the compression upon the ventricu- 
lar system and the midline dislocation is 
very pronounced, and if generalized, it may 
be indistinguishable from normal brain. In 
these cases edema may be recognized only 
because the lateral ventricles are abnor- 





Fic. 1. Post-traumatic edema. (4) Mild focal edema. There is a low absorption area in the left posterior 
temporal region (arrow). (B) Moderate edema. Areas of low absorption are seen in both frontal regions 
with compression of both frontal horns (picture taken with a window setting of 11 EMI units). Patient 
had an occipital fracture and was initially alert, later became drowsy. No focal signs. The coup-contracoup 
mechanism is clearly responsible for the abnormality shown by CT. (C) Severe edema. There is a gen- 
eralized diffuse low absorption lesion in the left hemisphere with a midline dislocation and distortion of the 
left frontal horn. Low absorption is also seen in the right frontal and posterior temporal regions. Patient 


in deep coma after a car accident. 
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Fic. 2. Severe diffuse generalized edema. A 17 year 
old male in auto accident, immediately comatose, 
fixed pupils, and decerebrate posturing. CT scan 
48 hours after trauma shows a diffuse heterogene- 
ous picture with scattered areas of diminished 
absorption and complete obliteration of the ven- 
tricular system. 


mally small, for the patient’s age (Fig. 2), 
and in subsequent scans return to normal 
size. Although it has not been proved, it 
seems probable that generalized edema 
cannot be demonstrated because it involves 
the entire brain thus presenting a uniform 
density. 

(2) Contusion and laceration. Contusion 
is seen at computerized tomography as a 
heterogeneous area with an average density 
higher than that of surrounding normal 
tissue. The higher absorption value is due 
to extravasated blood in swollen brain sub- 
stance, lending an inhomogeneous appear- 
ance to the lesion (Fig. 3; and 84). Con- 
tusion is by definition a focal lesion al- 
though more than one area of contusion 
may be present. The contracoup mecha- 
nism is probably responsible for the ma- 
jority of these lesions. Laceration as such is 
not definable by computerized tomography 
and it is included with contusion. 

(3) Hematomas. The hematomas can be 
further subdivided as follows: 
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(a) Cortical and subcortical hematomas. 
This lesion probably represents a higher 
stage of severity of cerebral injury beyond 
contusion and in this case the average 
density of the lesion is higher than that of 
surrounding normal tissues, but is homoge- 
neous as opposed to contusion. These le- 
sions are in the cortical region and differen- 
tiation between subpial, cortical or sub- 
cortical hemorrhage cannot be made by 
computerized tomography, but they are 
clearly distinguishable from the extracere- 
bral and the frank intracerebral hema- 
tomas (Fig. 4; and 5). The cortical and 
subcortical hematomas are usually sur- 
rounded by a halo of edema (low absorp- 
tion) on their medial aspect (Fig. 13). 

(b) Intracerebral hematoma. These are 
more centrally located and are always sur- 
rounded by a circumferential halo of low 
absorption representing edema (Fig. 6). 
The absorption values of the intracerebral 





FIG. 3 
head against a beam. Diplopia, confusion, and 
bloody cerebrospinal fluid. CT shows a poutly 
circumscribed heterogeneous area of high absorp- 
tion values in the left frontal region. 


. Contusion. A 63 year old male who struck his 
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hematomas generally range from a high in 
the 40s to a low limit in the 20s with 80 X80 
matrix? (high in the 60s to a low limit in the 
low 20s with the new 160 X 160 matrix). All 
intracerebral hematomas were associated 
with a definable mass effect. As mentioned 
above, older individuals were observed to 
develop intracerebral hematomas following 
apparently less severe trauma than younger 
individuals. In general they were more 
patchy and more superficially placed than 
the usual hypertensive intracerebral hema- 
toma.’ 

The entity known as delayed traumatic 
intracerebral hematoma*® was observed in 
two of our patients, in one of them twelve 
days and, in the other, two days after the 
traumatic episode. Both were young indi- 
viduals (30 and 18 years respectively) 
(Fig. 7; and 8). 

(c) Epidural Hematoma. Epidural hema- 
tomas are lesions with significantly high 
absorption values, ranging from the low 
20s to the high 60s or low 70s when the 
160X160 matrix is used. The higher upper 
values are probably related to the “com- 
puter overshoot” present under the skull 
bone. This is a band, about the same thick- 
ness as the bone, which, according to Gado 
(1975) measures an average of seven EMI 
numbers. Generally, epidural hematomas 
present a biconvex or lenticular shape and 
are, as it would be expected from their 
anatomical location, much more focal in 
nature than the subdural hematomas since 
their extension is limited by the dural at- 
tachments. In our series, they were always 
accompanied by a well manifested second- 
ary mass effect and in some cases a band of 
edema was present in its inner or medial 
aspect (Fig. 9). Of six cases of epidural 
hematoma, five had an associated skull 
fracture crossing a meningeal groove; the 
age distribution is wide-spread. 

(d) Subdural hematoma. This can be acute 
or chronic. The acute subdural hematoma 
is also a lesion with distinctly higher ab- 
sorption values than normal brain. It may 
be located over the convexity, against the 
falx in the interhemispheric fissure, or in 
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Fic. 4. Subcortical and intracerebral hematoma. A 
70 year old male fell and became drowsy and dis- 
oriented; spinal puncture revealed xanthochromic 
fluid. Angiography showed a right temporal intra- 
cerebral mass. CT shows a right temporal hema- 
toma with subcortical extension (arrows). 


the floor of the anterior, middle, or pos- 
terior cranial fossa. When located in the 
floor of the skull it is difficult to diagnose by 
computerized tomography because of its 
location against the bone (Fig. 10, 4 and 
B). When located in the convexities they 
tend to adopt a convex-concave lens con- 
figuration resembling a “half moon.” The 
absorption values were similar to those ob- 
served in epidural hematomas and as a rule 
cerebral edema was not present adjacent to 
the subdural hematoma. The mass effect 
was always clearly observed and in some 
instances it was such as to produce bending 
of the falx (Fig. 10). As previously re- 
ported? early in our experience, three sub- 
dural hematomas were recognized as le- 
sions, but were thought to be intracerebral 
tumors. With experience, all of the subse- 
quent subdural hematomas were identified 
and recognition has been facilitated by the 
new high resolution 160X160 matrix. In 
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Fic. 5. Subpial hemorrhage. A 66 year old male who struck his head two days prior to admission to the hos- 
pital and developed slurred speech and mild right hemiparesis. CT of the high convexity area shows an 
area of high absorption in a gyrus (arrows), probably a subpial hemorrhage. The picture on the right was 
taken with a window level setting of 28 and brings out only the higher density areas. More than one gyrus 


may be involved. 


the past twelve months, there have been no 
false negatives, providing a good quality 
CT scan was obtained. Sixteen acute and 
six chronic hematomas were present in our 
series. 





The chronic subdural hematomas and 
hygromas have had the same configuration 
as the acute subdural hematomas or may 
assume a biconvex appearance with greater 
flattening of the subjacent brain. Chronic 
subdural hematomas have an average den- 
sity lower than the surrounding brain tis- 
sue. The lesser absorption of these lesions 
is explained by breakdown and removal of 
red cell elements and increased fluid con- 
tents resulting from osmosis. 

In one case of chronic subdural hema- 
toma, gravitation of denser elements in- 
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Fic. 6. Intracerebral hematoma. A 28 year old male 
jumped from a second story balcony four days 
previously. Immediate removal of left subdural 
hematoma. Six hours after operation, coma and 
right hemiparesis. CT shows a left posterior tem- 
poral hematoma surrounded by a diffuse area of 
low attenuation (edema). There is marked com- 
pression of the left frontal horn and dislocation of 
the midline to the right. 
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Fic. 7. Delayed intracerebral hematoma. A 30 year old male survivor from a plane crash. Operated on imme- 
diately because of depressed fracture of frontal bone; a frontal subdural hematoma was also removed. 
Patient in deep coma and decerebrate with fixed pupils. (4) CT three days post-trauma shows extensive 
and generalized edema with the ventricles almost completely obliterated and both frontal horns displaced 
posteriorly. (B) Twelve days post-trauma, a CT was repeated because of bulging of the flap. An intra- 
cerebral hematoma was readily seen in the midline, frontal region. The falx may be displaced to the left 
because of the extensive bilateral frontal craniectomy. 


feriorly with low absorption supernatant 
Huid, and a fluid level between the two 
zones was clearly apparent. This may have 
represented acute hemorrhage into a chronic 
subdural hematoma or perhaps a phase in 
the evolution of a subdural hematoma 
(Fig. 11). 

(e) Intraventricular hematoma. Intraven- 
tricular hematomas are clearly identified by 
computerized tomography because the high 
density lesion adopts the configuration of 
the ventricle forming a so-called “‘ventricu- 
lar cast” (Fig. 12). Three cases are included 
in this series; two were closely related to an 
adjacent intracerebral hematoma; in one 
case it was the only abnormality visualized. 
It has been postulated that pure intra- 
ventricular hematomas following trauma 
are rare and that they may be related to 
unsuspected arteriovenous malformations 


in the ventricular walls which rupture fol- 
lowing trauma. However, intraventricular 
bleeding could not be diagnosed except by 
ventricular puncture prior to the advent of 
computerized tomography and they prob- 
ably are more common than previously 
suspected. 

(f) Subarachnoid hemorrhage. Subarach- 
noid hemorrhage or hematomas were ob- 
served in two older patients; both also had 
extensive acute subdural and intracerebral 
hematomas (Fig. 13). The hematoma 
adopted the configuration of the cisternal 
spaces occupied by the blood. 

(4) Obstructive hydrocephalus. Post-trau- 
matic obstructive hydrocephalus is ob- 
served quite clearly by computerized to- 
mography. Four patients in our series de- 
veloped this complication, one of them as 
early as ten days after the traumatic epi- 
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Fic. 8. Delayed intracerebral hematoma and contusion, An 18 year old male following an automobile accident 
became comatose with decerebrate posturing. (4) CT ten hours post-trauma showed a heterogeneous high 
absorption area in the left frontoparietal region interpreted as contusion with a slight midline shift. Pa- 
tient’s condition worsened and CT scan was repeated at 48 hours. (B) A left intratemporal hematoma was 
seen in addition to generalized swelling shown in a section 2.5 cm lower than (4). The area of contusion 
remained unchanged. 





Fic. 9. (4-C) Epidural hematoma. Three examples in different locations: The hematomas are focal and 
limited by the attachments of the dura to the skull which gives them a characteristic biconvex appearance. 
Patients were 10, 43, and 31 years old respectively. 
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Fic. 10. Subdural hematomas, two characteristic examples. (4) There is a large subdural hematoma and 
severe diminished absorption of the right hemisphere with a midline shift, marked compression of the left 
lateral ventricle and bending of the falx anteriorly. Patient fell on occiput and was comatose on admission. 
He remained deeply comatose after removal of large epidural and subdural hematomas upon arrival to the 
hospital. (B) Large left subdural hematoma with pronounced shift of the midline to the right and low ab- 
sorption in the left occipital region. Patient jumped from a bridge and was admitted to the emergency ward 
in deep coma, with fixed pupils and decerebrate posture. CT was done six hours after trauma. 


sode (Fig. 14). There are no features that 
distinguish post-traumatic obstructive com- 
municating hydrocephalus from other types. 
The CT characteristic features of hydro- 
cephalus have been extensively described 
by others!" and will not be further 
elaborated here. 

(s) Post-traumatic atrophy. The changes 
of cerebral atrophy or loss of brain tissue 
are seen by computerized tomography as 
ventricular enlargement or as focal areas 
with abosrption values lower than that of 
normal brain, and only slightly higher than 
cerebrospinal fluid. Atrophic changes sec- 
ondary to trauma cannot be distinguished 
from those associated with other conditions 
such as cerebral infarction. A discussion of 
post-traumatic atrophic changes 1s beyond 
the scope of this paper which deals pri- 
marily with the acute or subacute phases of 
head trauma. 


ANALYSIS OF CLINICAL MATERIAL 


Review of the medical records permitted 
the separation of the 100 cases of head 
trauma into six groups (Table 1). 

In Group 1 the trauma to the head was 
considered as minimal. Confusion was pres- 
ent as the only clinical finding. In Group 2, 
patients had very brief periods of loss of 
consciousness, in the order of two to five 
minutes generally. No skull fracture was 
identified. At the time of CT scanning the 
patients had usually returned to normal 
except for headache and variable amnesia, 
in some cases. These patients were clinically 
diagnosed as having a concussion. Patients 
in Groups 3 and 4 had focal neurological 
findings in addition to alteration of the 
state of consciousness ranging from minutes 
to hours, with slow steady improvement 
passing from lethargy or obtundation to 
confusion and to alertness. In Group 3, pa- 





Fic. 11. Acute hemorrhage into a chronic subdural 
hematoma. A 77 year old female who was struck in 
the head two days prior to admission and became 
stuporous. CT shows a blood fluid level probably 
indicating acute bleeding into a chronic subdural 
hematoma, or a phase in the evolution of a chronic 
subdural hematoma. 
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tients were essentially neurologically intact 
after 24 hours, whereas in Group 4 the 
clinical picture lasted up to three or four 
days. The patients in these two groups 
were also diagnosed clinically as having a 
contusion. © 

Groups 5 and 6 were cases of severe head 
trauma; the categorization was made on 
the basis of the depth and duration of 
coma, the presence and duration of abnor- 
mal posturing, and of abnormal pupillary 
reactions. Patients in Group 5 were in criti- 
cal condition and those who survived the 
injury were left with severe and permanent 
disability. These patients had prolonged 
coma for several weeks, deepening at the 
beginning and always with abnormal pos- 
turing for long intervals. Most patients in 
Group 6 had emergency surgery upon ar- 
rival in the hospital usually before com- 
puterized tomography; most of them died. 

As can be seen, classification into six 
groups of clinical severity presents some 
problems including the lack of a very pre- 
cise characterization of each group. It was 
designed mainly to determine if the clinical 





Fic. 12. (4-C) Intraventricular hematoma. Three serial CT scans were obtained at 2, 8, and 24 hours after 
trauma. The patient was in an automobile accident and was comatose with left hemiparesis. At two hours, 
(4) a hematoma is seen within the right lateral ventricle and no mass effect. At eight hours, (B) the hema- 
toma had been partially “washed out” and the ventricles have decreased in size indicating diffuse swelling. 
At 24 hours, (C) there is only a small residue of the intraventricular hematoma, the ventricles are larger 
than in the first CT scan and there is a modest midline shift from right to left. The patient’s condition did 


not change during the period of observation. 
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Fic. 13. Subarachnoid bleeding and intracerebral hematoma. An 80 year old male fell forward from a wheel- 
chair and developed coma, a dilated right pupil, and a left Babinski response. Subarachnoid bleeding is 
seen in the quadrigeminal cistern. There is also a left frontal intracerebral hematoma (4); and a left fronto- 
temporal subdural hematoma (B), and a hematoma against the falx in the right occipital region. An irregu- 
lar area of diminished absorption (edema) in the left occipital region is present. The patient recovered. 


severity of head trauma had a direct rela- 
tionship to the variety of CT abnormalities 


identified. 


RESULTS 


Correlation between the severity of clini- 
cal signs and symptoms and the incidence 
of positive or negative CT scans 1s pre- 
sented in tabular form in Figure 15. It can 
be observed that as the severity of clinical 
presentation progresses, the likelihood of 
having an abnormal CT scan increases pro- 
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Fic. 14. Post-traumatic obstructive hydrocephalus. 
Severe obstructive hydrocephalus was present 
2 1/2 months after trauma. An extensive crani- 
ectomy defect is seen in both frontal areas. The 
patient had been shunted but the shunt tube had 
to be removed one month prior to CT because of 
infection. 
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GROUP1 GROUP 2 °’ 


GROUP 3 











TOTAL 100 PATIENTS 
10 UNSATISFACTORY EXAMS 
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Fic. 15. CT in trauma. Incidence of positive and negative findings according 
to increasing severity of clinical manifestations. 


portionately. In Group 3, usually diagnosed 
as cerebral contusion on clinical grounds, 
14 of 20 cases (70 percent) had an abnormal 
CT scan and exhibited unilateral abnor- 
malities to account for the focal neurologi- 
cal findings, such as edema of various de- 
grees, contusion, or localized hematomas. 
In six cases the CT scan was entirely nor- 
mal. This is felt to be a reflection of the 
limitation of CT scanning which was unable 
to detect an abnormality even in the pres- 
ence of lateralizing clinical findings. In 
Groups I and 2, the vast majority of pa- 
tients had normal CT scans although three 
patients were seen (one in Group 1, two in 
Group 2) with mild focal edema which did 
not produce lateralizing clinical findings. 
In Groups 5 and 6, 100 percent of cases 
were abnormal. In Group 4 the one patient 
that did not show an abnormality on com- 
puterized tomography was in the post- 
operative period after total removal of a 
small epidural hematoma. Therefore one 
could expect to demonstrate abnormalities 
In every patient in Groups 4, 5, and 6. 
The correlation between the severity of 
clinical presentation and the number and 
intensity of abnormalities visualized at 
computerized tomography showed a linear 


relationship and again one can expect a 
larger number of lesions and more severe 
abnormalities as the severity of clinical 
presentation increases (Fig. 16). 

The CT findings were classified as: 


Minor 
Local area of edema. 
Moderate 
(a) Edema, up to a third of a hemi- 
sphere, possibly with slight midline 
shift. 
(b) Local area of contusion. 
Major 
(a) Severe unilateral edema (more than 
half of a hemisphere). 
(b) Hemorrhages in any location. 
(c) Pronounced midline dislocation. 


Ten computerized tomograms were tech- 
nically unsatisfactory due to motion and 
no diagnostic information could be ob- 
tained. In these cases angiography was 
carried out. 

In several patients when the first pair of 
scans was of poor technical quality, proper 
sedation was extremely helpful in obtaining 
repeat CT scans of good quality. This made 
other diagnostic procedures unnecessary 
and either surgical or medical treatment 
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Fic. 16. Relation of severity of clinical manifestations to number and severity of CT findings. 


could be instituted on the basis of the CT. 
At present the new short-acting barbitu- 
rates (e.g., Brevital*) are employed in those 
patients in whom the alteration of the state 
of consciousness and, specifically, restless- 
ness or agitation would make computerized 
tomography unlikely to yield satisfactory 
results. The low risk of administering seda- 
tion is fully compensated by the ability to 
make the pertinent observations necessary 
for patient management. 


DISCUSSION 


Computerized tomography has provided 
a most significant new approach to diag- 
nostic evaluation of the patient with 
trauma to the brain and its coverings. Pro- 
viding that a CT scan of good quality is 
obtained, it is possible to arrive at a diag- 
nosis, and, in the vast majority of cases, 
other neuroradiological diagnostic pro- 
cedures will not be necessary, excepting 
the plain film survey. 


* Eli Lilly and Company. 


In good quality CT scans the different 
tissue abnormalities produced by trauma 
to the brain and its coverings are easily ob- 
served including occasionally the subtle 
changes of mild focal edema. These changes 
can be subdivided in relation to their 
average absorption values as follows: 


1. Lesions with average absorption value 
lower than that of normal brain tissue: 
(a) Edema of various degrees, (b) 

Chronic subdural hematoma and hy- 
groma, (c) Post-traumatic atrophic 
changes, and (d) Obstructive hy- 
drocephalus. 

2. Lesions with average absorption value 
similar to normal brain or indistinguish- 
able from surrounding brain: 

(a) Generalized diffuse edema 

. Lesions with average absorption greater 

than normal brain tissue: 

(a) Contusion and laceration 

(b) Hematomas (cortical, subcortical, 
intracerebral, intraventricular, epi- 
dural, acute subdural, fresh hemor- 


“ 778 


rhage into a chronic subdural collec- 
tion, subarachnoid) 


With the possible exception of mild focal 
edema, the significant difference in absorp- 
tion values in all the other lesions, espe- 
cially those containing extravasated blood, 
is obvious, and in this series were accom- 
panied by a secondary mass effect, also 
easily recognizable. 

As has been stressed several times in this 
presentation good immobilization of the pa- 
tient is necessary to obtain a good quality 
CT scan because motion causes deteriora- 
tion of the image with resulting loss of 
diagnostic information. The newly de- 
veloped Patient Movement Control Sys- 
tem (PMC) produced by EMI, Ltd., is 
helpful in eliminating some of the artifacts 
produced by movement, but not all, and 
especially so when motion is marked. In 
addition, the PMC system requires a longer 
scanning time (6 1/2 minutes and 225° arc 
of scan instead of the routine 4 minutes 
and 50 seconds—18o° scan), which in head 
trauma may further complicate the prob- 
lem associated with motion. Up to the pres- 
ent time no useful fixation device suitable 
for the agitated patient has been developed, 
and sedation is, therefore, required. 

Sequential CT scans are very helpful in 
the follow-up of the post-traumatic patient 
because they permit evaluation of the tis- 
sue changes in relation to time. Important 
observations on the natural evolution of 
edema can be made, and immediate post- 
operative CT scans are of value to ascer- 
tain the results of surgery. Computerized 
tomography can be repeated as necessary 
due to the non-invasive nature of the pro- 
cedure and the low dose of radiation in- 
volved. 

The authors have observed the develop- 
ment of edema 48 hours after trauma in 
several patients having initially unremark- 
able CT scans. In one patient, shown in 
Figure 12, with an intraventricular hema- 
toma of moderate size at four hours, the 
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hematoma had been partially “washed out” 
at twelve hours, associated with decrease in 
size of the ventricular system indicative of 
diffuse swelling. By 24 hours, the intra- 
ventricular hematoma was only faintly 
visualized, But edema had progressed on 
one side as shown by midline dislocation 
(Fig. 12). It is anticipated that sequential 
scanning of these patients will yield many 
more observations regarding the natural 
evolution of the tissue changes induced by 
trauma. 


Juan M. Taveras, M.D. 
Department of Radiology 
Massachusetts General Hospital 
Boston, Massachusetts 02114 


ADDENDUM: 


Since this report was submitted, several cases of bilateral sub- 
dural hematomas have been encountered where the diagnosis was 
not made on CT scans. 
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INDIVIDUALIZED COMPUTER TOMOGRAPHY OF 
THE SKULL WITH THE EMI SCANNER 
USING THE 160 < 160 MATRIX* 
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CHING L. CHIU, M.D., and JAMES H. CHRISTIE, M.D. 


IOWA CITY, IOWA 


ABSTRACT: 


The individualized approach to the performance of computerized tomography of 
the skull is described. With the use of the 160X160 matrix it is possible to look at 
the initial scans almost immediately after their completion. If necessary, unsatisfac- 
tory scans can be repeated, the position of the head can be changed and artifacts 
due to motion can be minimized or eliminated. Lesions can be revealed or enhanced 
with intravenously injected contrast material if desired. The individualized ap- 
proach has eliminated the need to recall patients and has improved the diagnostic 


capability of the method. 


dk computer programming of the 
EMI scanner was changed by the 
manufacturer so that 160X160 absorption 
coefficients are obtained instead of the 
original 80X80. This modification was 
made at our hospital in October, 1974 and 
the resolution of the images has been 
greatly improved. In addition the time be- 
tween completion of the scanning procedure 
and viewing the results on the cathode ray 
tube has been reduced from approximately 
20 minutes to under 30 seconds. It 1s there- 
fere possible to view the scans while the 
patient is still present and obtain more sec- 
tions if desired. It is our current practice to 
make routine scans at four levels (eight 
slices) with the roentgen-ray beam angled 
15-20 degrees to the orbitomeatal line. 
While the patient is still on the table, the 
clinical records are examined and the EMI 
scans are viewed. In many cases the initial 
set of scans is judged adequate and nothing 
further is done. Because of problems in po- 
sitioning or motion, some of the sections 
may be unsatisfactory and can be repeated 
immediately, with intravenous sedation if 
necessary. If contrast material is injected, 
a decision is made as to which levels should 
be repeated since it is generally not neces- 


sary to repeat the entire study. 

This individualized approach has been 
extremely helpful and has eliminated the 
need to recall patients. Abnormalities 
which were initially seen poorly or not at 
all have been demonstrated by these modi- 
fications. 


TECHNICAL PROBLEMS 


Insufficient number of sections: Occasion- 
ally the patient is positioned in the machine 
so that the base of the skull or the top of 
the head is not included on the first set of 
scans. Additional sections are obtained in 
these cases. 

Improper positioning: The head may be 
tilted from side to side, resulting 1n a scan 
of poor quality with artifactitious densities, 
especially close to the base. This can be 
remedied by repeating the scan with the 
head straight (Fig. 1). 

Occasionally a lesion can be shown to 
better advantage by raising or lowering the 
chin, thereby changing the angle of the 
beam. Good demonstration of the posterior 
fossa requires the head to be flexed, a diffi- 
cult position to maintain for some patients. 

Artifacts: Dense streaks tangential to the 
side of the head are frequently present and 


* Presented at the Seventy-sixth Annual Meeting of the American Roentgen Ray Society, Atlanta, Georgia, September 30-October 3, 


1975. 


From the Department of Radiology, University of Iowa Hospitals and Clinics, Iowa City, Iowa. 
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Fic. 1. Correction of head position. (4) The head is tilted and an area of increased density is present poste- 
riorly (arrow). This could be misinterpreted as a mass but actually represents the higher floor of the left 
posterior fossa. (B) The posterior fossa looks normal and symmetrical after correction of the head tilt. 


may present a problem in the evaluation of 
patients with possible extracerebral fluid 
collections. In this situation the head is 
purposely rotated to one side so that the 
streaks are projected at a different angle to 
the skull (Fig. 2). Other artifacts which 
present problems can sometimes be elimi- 
nated merely by repeating the unsatisfac- 
tory section. 

Motion: Any movement of the head 
seriously impairs the quality of the scan. 
This can be partially overcome with the 
“patient motion control” modification, a 
recent addition to the EMI scanner. The 
roentgenographic tube is rotated about the 
head 225 degrees instead of 180 degrees and 
more absorption values are analyzed, 
thereby “smoothing out”? the image (Fig. 
3). The “patient motion control” device is 
used only in selected cases as it adds one 
and one-half minutes to each pair of sec- 
tions. 3 

Various head holding devices have been 


developed. We routinely use the Neuro- 
logical Institute headholder* which stabi- 
lizes the chin and the sides of the face. 
Some patients, particularly infants and 
children, require sedation and we have 
found that diazepam is quite satisfactory 
for this purpose (Fig. 4). The dose is indi- 
vidualized but 10o mg intravenously is 
usually adequate for the average adult. 


CONTRAST ENHANCEMENT 


When the initial set of scans is diagnostic 
no contrast material is injected. This is 
usually the case in intracerebral hemor- 
rhage, diffuse cerebral atrophy, hydro- 
cephalus in infants and some adults, and in 
patients who are being followed to see 
changes in ventricular size. In patients with 
psychiatric problems, generalized seizures, 
chronic headaches, or head injury, no con- 
trast material is injected if the initial 


* H and I Instrumentation, Teaneck, New Jersey. 
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Fic. 2. Purposeful rotation of the head. (4) Vertical streaks are projected inside the skull in this patient with 
a proved right subdural hematoma. The ventricles are displaced to the left and the right lateral ventricle is 
compressed. (B) The head has been turned to the right and the vertical streaks no longer project inside the 


cranium. The subdural hematoma in this case has the same density as adjacent brain and is therefore not 
visible. 


Fic. 3. Use of the patient motion control device. (4) The lines outside the skull are due to motion. The radiat- 
ing streaks inside the skull are produced by a metallic shunt valve in this patient with question of shunt 
failure. (B) With the patient motion control device most of the artifacts have been eliminated. Dilated 
posterior horns are now well seen. 
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Fic. 4. Use of sedation and intravenous contrast material. (4) The scan is totally unsatisfactory because of 


patient movement. (B) Following intravenous injection of 10 mg diazepam and 50 ml 76 percent Reno- 
grafin, an abnormal spherical density surrounded by an area of lucency is visible in each frontal lobe. These 


proved to be abscesses surrounded by edema. 


examination is completely normal. 

We inject 50 ml of 76 percent Renografin 
intravenously in the average adult and re- 
peat the scans immediately at selected 
levels on patients with the following prob- 
lems: (1) Suspicion of primary or meta- 
static neoplasm. Occasionally these lesions 
will be shown only after injection of con- 
trast material (Fig. 5). Even when a mass 
is seen on the plain scans the contrast en- 
hanced examination may show it much 
better. The solid and cystic components of 
a tumor can be differentiated, and this may 
help the surgeon in deciding where to 
biopsy the lesion. (2) Suspicion of brain 
abscess. The wall of an abscess may be 
shown dramatically after contrast material 
injection (Fig. 6). (3) Differentiation be- 
tween infarction and tumor. With the 
amount of contrast material we are using, 
infarctions usually do not opacify. Some 
tumors do not light up either and therefore 
failure to opacify is not useful in the differ- 
entiation of these conditions. (4) Suspicion 
of intracranial aneurysm or vascular mal- 
formation. With the equipment in current 


use only quite large aneurysms (one centi- 
meter 1n diameter or larger) are demonstra- 
ble. Vascular malformations are seen much 
better after injection of contrast material 
(Fig. 7). Table 1 summarizes our experience 
with injection of contrast material since 
the introduction of the new matrix in Oc- 
tober 1974, through August 1975. During 
this period 1,482 examinations were done 
and contrast-enhancement was used in 407 
instances. 

It is noteworthy that of 117 neoplasms, 
58 (So percent) were seen better after in- 
jection of contrast material. In many of 
these cases there was suspicion of abnor- 
mality on the initial sections but the lesion 
was shown much better with contrast en- 
hancement. In 13 cases (eleven percent) 
the tumor was seen only after contrast ma- 
terial injection. This group consisted of 
three acoustic neuromas, three gliomas, 
two meningiomas, and five cases of cerebral 
metastases. All aneurysms and vascular 
malformations were seen better with con- 
trast enhancement and this was also true in 
four cases of cerebral abscess. However 
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Fic. 5. Use of contrast material in neoplasm. (4) No abnormalities are seen. Mild hydrocephalus was present 
on other sections. (B) After intravenous injection of 50 ml 76 percent Renografin, an abnormal density be- 
comes evident in the left posterior fossa. This proved to be a cerebellar astrocytoma. 


contrast material was not injected in all 
cases of abscess. 

Although the number of cases studied 
with and without contrast enhancement 
since the new matrix was begun is not ex- 


tremely large it is clear that contrast ma- 
terial is most useful in demonstrating sus- 
pected neoplasms, abscesses and vascular 
lesions. 

Some workers use larger volumes of con- 





Fic. 6. Use of contrast material in suspected brain abscess. (4) There is a poorly defined area of decreased 
density in the right frontal lobe, probably due to edema. (B) A large abscess with a well defined wall be- 
comes evident after intravenous injection of contrast material. 





Fic. 7 


trast material either undiluted or by the 
drip infusion method.‘ Because of time 
limitations we have not used drip infusion 
as it takes considerably longer than a sim- 
ple injection. It is possible that we have 

missed some lesions which would have been 
shown with larger volumes of contrast me- 
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. Use of contrast material in vascular malformation. ( 
viable in the right hemisphere. (B) After intravenous injection of contrast material there is much better 
visualization of the lesion and its irregular nature can be appreciated. This proved to be a large arterio- 
venous malformation at angiography. 
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(4) A sizeable but faint area of abnormal density is 


dium but we are not aware of such a case to 
date. Therefore it is our opinion that ço ml 
of 76 percent Renografin, which contains 
18.5 grams of organic iodine, is an adequate 
Hone of contrast material (iè the average 
adult patient. Obviously any contrast ma- 
terial with an equivalent amount of organic 


TABLE I 








ANALYSIS OF 407 CASES INJECTED WITH §O ML 76 PERCENT RENOGRAFIN 
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COMPUTED TOMOGRAPHY OF THE NORMAL 
AND INFARCTED MYOCARDIUM* 


By DOUGLASS F. ADAMS,+ SAMUEL J. HESSEL,{ PHILIP F. JUDY,t 
JAY A. STEIN,§ and HERBERT L. ABRAMS+ 
BOSTON AND CAMBRIDGE, MASSACHUSETTS 

ABSTRACT: A i 

After intravenous administration of contrast agent, 1” vitro cardiac scanning 
showed a significant difference between the attenuation coefficients of the intra- 
cavitary blood pool and the myocardial wall, permitting clear delineation of the 
ventricular cavity. A substantial alteration in hematocrit permitted similar visual- 
ization of the intracavitary blood pool-myocardial wall interface. The attenuation 
coefficient of infarcted myocardium differed sufficiently from that of normal myo- 
cardium to render computed tomographic distinction feasible. In three hour old in- 
farctions, the differences between normal and ischemic or infarcted tissue were 
enhanced by prior administration of contrast agent. These differences in attenuation 
coefficient indicate that a properly gated CT scanner could be utilized as a noninva. 
sive approach to evaluating suspected or known myocardial infarction and other 
aspects of cardiac structure and function both in man and in experimental animals. 


HE development and clinical introduc- 

tion of computed tomography (CT)!2 
have provided a unique opportunity for the 
study of natural and pathologic processes 
In various organs during life. Since its 
initial application to the brain,!:3 the tech- 
nology has advanced to a point where whole 
body CT scanning is now feasible.+5 The 
potential of the method for detecting and 
delineating intra-abdominal and intratho- 
racic abnormalities is now under investiga- 
tion.**-§ Little emphasis has been placed on 
CT scanning of the heart, perhaps because 
of the rapidity of cardiac motion and the 
clear evidence that motion blurring de- 
grades computed tomographic images. Nev- 
ertheless the possibility of delineating the 
blood—myocardial wall interface and the 
presence of infarcted muscle seemed worthy 
of investigation in postmortem hearts. Our 
preliminary experience with in vitro scan- 
ning supported the feasibility of this ap- 
proach." 


MATERIAL AND METHOD 


Four normal mongrel dogs weighing 14-35 kg 


were sacrificed immediately after intravenous 
administration of 5,000 units of aqueous heparin. 
A fifth dog was made acutely anemic by with- 
drawal of approximately 300 cm? of blood and 
administration of 600 cm? of dextran. After 
equilibration for 30 min, the hematocrit 
dropped from 49 to 26. He was then sacrificed. 
An additional animal received 1 cm*/kg of 
meglumine diatrizoate and sodium diatrizoate 
37% iodine (Renografin-76, Squibb, Princeton, 
N.J.) five minutes prior to death. 

Myocardial infarctions were created in four 
anesthetized dogs by embolization of a radio- 
paque polyethylene plug into the left anterior 
descending coronary artery under fluoroscopic 
control. Two days later, the animals were 
sacrificed immediately following the intra- 
venous administration of 5,000 units of aqueous 
heparin. Two other animals had their hearts 
exposed and occlusive sutures placed around 
the proximal left anterior descending coronary 
artery. Three hours after occlusion, 1 ml/kg of 
Renografin-76 and 5,000 units of aqueous 
heparin were administered intravenously. After 
two minutes the animals were sacrificed. 

The hearts of all twelve dogs were excised 
after ligation of the vena cavae, hilar pulmonary 
arteries and veins, and aorta. Specimens were 
shaken and placed in a horizontally oriented 


* This work was supported in part by U.S. Public Health Service grants GM18674, HL11668, and HLo5832. 
+ Department of Radiology, Harvard Medical School, Peter Bent Brigham Hospital, Boston, Massachusetts. 


t James Picker Foundation Fellow in Academic Radiology. 


§ American Science and Engineering, Inc., Cambridge, Massachusetts. 
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divided plastic container. The posterior aspect 
of the heart was lying on the plastic divider. 
The heart was in the horizontal plane, while 
the x-ray beam rotated in a vertical plane, per- 
pendicular to the long axis of the specimen. The 
base of the heart was in the deéper portion of 
the container and the apex toward the cover. 
Two silk sutures attached the heart to the edge 
of the plastic divider to prevent change in Its 
orientation. The container was then filled with 
0.9% NaCl and fitted snugly into the head cap 
of the EMI CT head scanner (EMI Medical, 
Inc., Northbrook, Ill.) The hearts were scanned 
within one hour of sacrifice at 120 or 140 kVp. 
Slice thicknesses were 8 mm or 13 mm. 


RESULTS 
Blood-Myocardial Wall Interface 


Scans of representative areas of the myo- 
cardial wall in normal hearts had uniform 
EMI values of 26.0+0.6 EMI units (mean 
+SEM), where 1 EMI unit corresponds to 
approximately a 0.2% difference in x-ray 
attenuation coefficient compared to water." 
In these animals the intracavitary blood 
pool values were 26.2+1.0 EMI units. 
There was no consistent delineation of the 
blood—myocardial wall interface (Fig. 1). 
When the hearts were allowed to stand for 
a protracted interval, the red blood cells 
settled to the dependent portion of the ven- 
tricular cavity, which became denser than 





Fic. 1. Section at ventricular level of normal heart 
with no contrast agent given showing uniform ab- 
sorption. EMI values of myocardium and blood 
were 26.0+0.6 and 26.2+1.0 EMI units, respec- 
tively. 
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Fic. 2. (4) CT scan of normal heart near left ven- 
tricular apex of an acutely anemic dog. Note 
blood-myocardial wall interface (large closed ar- 
rows) and details of papillary muscles (small 
closed arrows). Only a small portion of right ven- 
tricle is visible at this level (open arrows). (B) CT 
scan through right ventricle and atrial structures. 
Note thin right ventricular wall (arrows). 


the myocardial wall. The plasma in the up- 
per portion of the cavity was less dense 
than the myocardium, having an EMI 
value of 12.7+0.3 EMI units. 

The acutely anemic dog showed the 
blood-—myocardial wall interface clearly 
(Fig. 2). The wall had an attenuation co- 
efficient of 27.1+1.0 EMI units, while the 
attenuation coefficient of the intracavitary 
blood pool was 21.4+1.0 EMI units. 

Administration of contrast agent prior to 
sacrifice resulted in an intracavitary blood 
pool attenuation coefficient of 43 +1 EMI 
units, compared to a myocardial attenua- 
tion coefficient of 33+1 EMI units, with 





Fic. 3. (4) CT scan of normal heart at level of left ventricle (LV) and right ventricle (RV) after injection 
of one cm*/kg of Renografin-76 five minutes prior to sacrifice of the animal. Myocardial wall values= 33+1 
EMI units; ventricular cavity blood pool values=43+1 EMI units. (B) Slice of myocardial tissue taken 
at same level. Note trabecular and papillary muscle details (arrows) on both scan and specimen. 


clear delineation of the blood—myocardial 
wall interface (Fig. 3). This difference of ten 
EMI units corresponds to about a 2% dif- 
ference in attenuation coefficients between 
the intracavitary blood pool and myocardial 
wall. Despite the measurable difference in 
attenuation coefficient, high quality, low 
kilovoltage standard roentgenograms taken 
immediately after scanning failed to demon- 
strate any detectable difference in roent- 
genographic density between the myo- 
cardial wall and the intracavitary blood. 


Myocardtal Infarction 


The four animals with two day old poly- 
ethylene plug-induced myocardial infarc- 
tions showed three different scan patterns. 
In two animals the site of histologically 
confirmed infarction displayed attenuation 
coefficients 1% lower than in the surround- 
ing normal myocardium (i.e., infarction 
=21.7+1.2 EMI units; normal myocar- 
dium = 26.8 + 1.0 EMI units) (Fig. 4). In a 
third animal the attenuation coefficient of 
the infarcted tissue was 1% greater than 
that of the surrounding normal myocardium 
(infarction = 30.8+1.7 EMI units; normal 
myocardium =25.7+1.4 EMI units) (Fig. 
5). By using multiple overlapping scans of 
known thickness, the localization and ex- 
tent of infarction could be assessed in these 


animals. The fourth animal, whose his- 
tologic sections showed only a small sub- 
endocardial infarction, had no change (to 
within +0.2%) in attenuation coefficient 
in the affected area. 

The infarctions with a reduced attenua- 
tion coefficient were grossly edematous. 
The infarction with an increased attenua- 
tion coefficient was in the retraction stage 
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Fic. 4. CT scan two days postinfarction showing rim 
of tissue extending into region of interventricular 
septum (arrows) with attenuation coefficients $.1 
EMI units less than in surrounding normal myo- 
cardium. Distribution of infarcted tissue was con- 
firmed on sectioned specimen. 
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of infarction, with gross thinning of the wall 
readily apparent both on inspection of the 
specimen and on the CT scan. 

Each of the two animals with infarctions 
induced by ligation of the leftganterior de- 
scending coronary artery (LAD) and subse- 
quent administration of contrast material 
showed a large area distal to the LAD oc- 
clusion of decreased attenuation coefficient 
relative to the normal contrast-containing 
muscle in the same heart (Fig. 6). The in- 
farction EMI value was 30.1+2.8 EMI 
umits, while the normal muscle EMI value 
was 41.0+1.2 EMI units. The intracavi- 
tary blood value was 65.0+1.0 EMI units. 
These differences account for the clarity of 
the blood-myocardial wall interface (Fig. 6). 


DISCUSSION 


Current methods of delineating the car- 
diac chambers generally employ intra- 
cardiac catheterization and the rapid de- 
livery of an iodinated contrast agent re- 
corded serially on cine or large film. Non- 
invasive methods, such as radionuclide 
imaging and echocardiography, have sig- 
nificant limitations of resolution and extent 





Fic. 5. CT scan with heart in right anterior oblique 


orientation two days postinfarction showing 
thinned rim of tissue with attenuation coefficients 
5.1 EMI units higher than in normal myocardium 
along anterior left ventricular wall (arrows). Re- 
gion of infarction was confirmed on sectioned 
specimen. 
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Fic. 6. CT scan three hours after left anterior de- 
scending coronary artery occlusion and two min- 
utes after one ml/kg of Renografin-76 was given 
intravenously. Note area of decreased EMI value 

(delimited by arrows) in anterior and septal myo- 


cardial walls with decreased perfusion due to left 
anterior descending coronary artery occlusion. 
Cavity-myocardial wall interface is also well seen. 


of visualization. 

Since CT scanning can record and dis- 
play absorption coefficients with a preci- 
sion of 0.§%, small differences in tissue 
density can be detected." If such differ- 
ences between the intracavitary blood pool 
and myocardial wall were normally present, 
the cardiac chambers could readily be 
visualized. Our initial experiments with 
normal dog hearts demonstrated no such 
difference in density (Fig. 1). 

Visualization of the blood—myocardial 
wall interface with settling of the red cells, 
as noted above, was anticipated because of 
the known variations in attenuation co- 
efficient of blood with different hematocrit 
levels. This finding led us to investigate 
the acutely anemic dog. The presence of a 
clear interface (Fig. 2) suggests that anemia 
or polycythemia in man may provide a 
sufficient blood—myocardial wall density 
difference to permit the visualization of the 
cardiac chambers. 

The introduction of an intravenous con- 
trast agent effected prolonged and clear de- 
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lineation of the blood-myocardial wall in- 
terface (Fig. 3). This was true not only in 
normal dogs but also in those with acute 
left anterior descending coronary artery oc- 
clusion in which the contrast material was 
given primarily to define the regiou of 
myocardium with reduced perfusion (Fig.6). 
Thus computed cardiac tomography may 
represent a useful low-risk method of evalu- 
ating myocardial wall structure and func- 
tion in man. 

The accurate detection and sizing of 
acute myocardial infarction would not only 
permit early confirmation in questionable 
cases but also aid in evaluating interven- 
tions (pharmacologic or mechanical) de- 
signed to limit the volume of infarcted myo- 
cardium. Present radionuclide techniques!2: 
are limited both by resolution capacity and 
heterogeneous isotopic uptake. Because 
myocardial tissue undergoes profound changes 
in ionic composition and water content with 
infarction, the application of CT scanning 
to detect changes in tissue density seemed 
appropriate. The demonstrated differ- 
ences in attenuation coefficients between 
normal and infarcted myocardium were 
probably related to the known shifts in in- 
tracellular ions and size of the intercellular 
fluid compartment in infarcted hearts (Fig. 
4;and 5). In a fundamental sense, CT scan- 
ning of infarcted myocardium represents a 
novel approach to the study of tissue death 
in vivo. 

The spectrum of attenuation coefficient 
changes (including lower values with ede- 
matous areas of infarction, higher values 
within retracted infarctions, and no detect- 
able change when only a small subendo- 
cardial infarction is present) may provide a 
clinically useful approach to detecting and 
sizing transmural infarctions. The level and 
direction of change in attenuation coeffi- 
cient is probably related to the stages of in- 
farction depicted on pathologic examina- 
tion. This may prove helpful in dating 
acute infarctions. 

The administration of contrast material 
prior to scanning increases the density dif- 
ference between normal and infarcted myo- 
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cardium and also permits visualization of 
the blood-myocardium interface (Fig. 6). 
The use of a contrast agent may simul- 
taneously increase the sensitivity and util- 
ity of scanning in acute infarction and 
permit evaluation of alterations in wall 
motion. In addition to the obvious clinical 
applications of this approach, it affords a 
new and potentially valuable noninvasive 
method for the sequential ix vivo study of 
experimental models of ischemia and in- 
farction. 


Requirements for In Vivo Application 


For clinical applications, a CT scanner 
capable of measuring and displaying differ- 
ences of about 1% in attenuation coeff- 
cients of heart muscle and Intracavitary 
blood i vivo is required. A spatial resolu- 
tion comparable to that of the EMI scanner 
is desirable, in which the full width at half 
maximum of the line spread function is 1.5 
mm.” To achieve these characteristics for 
cardiac scanning, precise gating to the dy- 
namic events of the cardiac cycle and ac- 
quisition of a series of images corresponding 
to different phases of the cycle may be 
required. 

Data from this preliminary study sug- 
gest that an ideal scanner for in vivo study 
would have the following immediate ap- 
plications: (1) detection, sizing, and dating 
of acute myocardial infarctions; (2) evalua- 
tion of the effectiveness of mechanical and 
pharmacologic interventions designed to 
limit infarction size;!6 (3) evaluation of re- 
gional ventricular wall motion and thick- 
ness in acute and chronic myocardial isch- 
emia; (4) assessment of ventricular func- 
tion through measurement of ventricular 
volumes, ejection fractions, and other phys- 
iologic parameters; and (s) the in vivo study 
of experimental tissue ischemia and ne- 
crosis and their characteristic alterations in 
attenuation coefficient. 


Douglass F. Adams 
Department of Radiology 
Harvard Medical School 

25 Shattuck Street 

Boston, Massachusetts 0211¢ 
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THE VALUE OF REPEAT CEREBRAL ARTERIOGRAPHY 
IN THE EVALUATION OF TRAUMA* 
By EUGENE J. McDONALD, Jr., M.D.,t DAVID P. WINESTOCK, M.D.,t 
and JULIAN T. HOFF, M.D.jo 


SAN FRANCISCO, CALIFORNIA 


ABSTRACT: 


In most patients with head or neck trauma, a single angiogram is sufficient to 
guide therapy. For those who improve slowly or not at all, however, this is not an 
adequate basis for diagnosis. Angiography should be repeated after an interval of 
time to exclude development of a surgically correctable lesion, such as pseudo- 
aneurysm or intracerebral or extracerebral fluid collection. 


T= role of cerebral angiography in the 
evaluation of trauma to the head and 
neck has received wide attention. Its value 
in accurately diagnosing most cases of vas- 
cular injury, intracerebral hematoma, and 
subdural or epidural fluid is accepted.’ 
Approximately 500 cerebral angiograms 
are obtained each year at our hospital. 
Many of these are obtained to assess the 
sequelae of trauma. We have been im- 
pressed by the nature of cranial trauma 
and by the value of repeat cerebral angiog- 
raphy in patients whose clinical condition 
does not improve satisfactorily. We de- 
scribe six cases which illustrate how repeat 
angiography can often disclose abnormali- 
ties that are not seen on the initial study. 


REPORT OF CASES 


Case. A 56 year old man was brought to our 
hospital on July 26, 1973, after falling from a 
roof. He was comatose but without focal 
neurologic abnormalities. Skull roentgenograms 
showed bilateral occipital fractures with diasta- 
sis of the lambdoid sutures. A cerebral angio- 
gram obtained on the day of admission demon- 
strated an extracerebral space in the left 
parietal area. A subdural hematoma was evacu- 
ated at craniotomy. 

Because the patient failed to improve, cere- 
bral angiography was repeated on August 3, 
1973. Severe spasm of many intracranial vessels 
was seen (Fig. 1, Æ and B). The patient was 


treated conservatively and eventually com- 
pletely recovered. 


Case 11. A 30 year old man was brought to 
the hospital on May 19, 1974, the victim of an 
automobile accident. He had decerebrate 
posturing and a large right frontoparietal skull 
fracture. Multiple burr holes were made to drain 
a left subdural hematoma. A cerebral angiogram 
obtained six hours after this procedure demon- 
strated reaccumulation of the subdural hema- 
toma and severe vascular spasm (Fig. 24). 
Craniotomy was performed to drain the 
hematoma. 

Return of function was very slow. After one 
month the patient had a few purposeful move- 
ments with his left arm but could not obey 
commands. A carotid angiogram obtained on 
June 18, 1974, showed resolution of the vascular 
spasm and a 2 mm aneurysm of the distal 
branch of the left middle cerebral artery (Fig. 
2B). The patient was discharged to a chronic 
care hospital and fully recovered within three 
months. 


Case 1. A 44 year old man was brought to 
the hospital on February 16, 1974, after being 
stabbed in the right temporal area with a 
screwdriver. Within four hours he became le- 
thargic and developed left hemiparesis. A 
cerebral angiogram demonstrated moderate 
right temporal swelling and a normal posterior 
fossa (Fig. 34). Shortly after the angiogram a 
right temporal craniectomy was performed 
with débridement of the stab wound. 


* From the Departments of Radiologyt and Neurological Surgery,t University of California School of Medicine and San Francisco 


General Hospital, San Francisco, California. 


Supported in part by National Institutes of Health Trauma Center Program Project Grant GM 18470 from the National Institute of 


General Medical Sciences. 


792 


Repeat Cerebral Arteriography 


Da” 


Vor. 126, No. 4 





Fic. 1. Case 1. Left common carotid angiogram, lateral projection. (4) On the initial study, the intracranial 
arteries are normal in caliber. A small amount of contrast medium has extravasated from the external 
carotid vessels in the region of the parieto-occipital fractures. (B) Eight days after injury, there is severe 
spasm of the internal carotid artery and of numerous branches of the middle cerebral artery (arrows). 


Because the patient failed to improve, 
cerebral angiography was repeated on March 6, 
1974; it demonstrated an aneurysm of the right 
superior cerebellar artery (Fig. 38). The loca- 
cation of the aneurysm defined precisely the 
depth of the penetration injury. Conservative 
therapy was administered. After many months 
mentation was normal, but dense hemiparesis 
was still present. 


Case rv. A 20 year old man was admitted to 
the hospital on September 1, 1974, after falling 
through a plate glass window. He sustained 








multiple lacerations of the left side of his neck 
but was otherwise completely normal on physi- 
cal examination. On plain roentgenograms of 
the necx, a 2 cm foreign body was observed at 
the level of C, (Fig. 4). A left vertebral angio- 
gram obtained at the same time confirmed the 
presence of the foreign body and demonstrated 
mural irregularity in the distal portion of the 
vertebal artery (Fig. 54). Posterior fossa crani- 
otomy was then performed with exploration 
confined to the intradural portion of the verte- 
bral artery. 

Because no foreign body nor vascular damage 
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Fic. 2. Case 11. Left common carotid angiogram, lateral projection. (4) On the day of admission, the internal 
carotid artery and proximal branches of the middle cerebral artery are severely narrowed (black arrows). 
(B) One month after injury, the spasm has resolved and an aneurysm (open arrow) of a distal branch of the 


middle cerebral artery has appeared. 
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was found at surgery, cerebral angiography was 
repeated on September 17, 1974. At this time, 
a 2 cm aneurysm of the left vertebral artery 
was seen at the site of the previously noted 
mural irregularity, anterior and medial to the 
foreign body (Fig. 5B). At surgical exploration 
the aneurysm of the extradural portion of the 
vertebral artery was trapped and the foreign 
body removed. 


Case v. A 52 year old alcoholic was brought 
to the hospital on January 6, 1974. He had 
been found comatose on the street. Skull roent- 
genograms, obtained on the same day, showed 
extensive, bilateral skull fractures that were not 
present on a skull series cbtained two days 
before. Cerebral angiography revealed a large 
subdural hematoma, which was subsequently 
drained at right parietal craniotomy (Fig. 64). 

Because his neurologic status did not change, 
angiography was repeated 16 days after injury. 
A small residual right temporoparietal extra- 
cerebral space was noted. In addition a right 
temporal mass had developed (Fig. 6, B and C). 
At reoperation, a small subdural hematoma and 
a large intratemporal hematoma were evacu- 
ated. The patient rapidly improved and was 
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Fic. 3. Case m1. Left vertebral angiogram, frontal projection. (4) On February 16, 1974, there was no ab- 


normality of the right superior cerebellar artery. (B) On March 6, 1974, an aneurysm of the right superior 
cerebellar artery (open arrow) was seen. 
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discharged to a convalescent facility. 


Case vi. A 60 year old man was brought to 
the hospital on December 4, 1972, after under- 
going a severe beating. He was comatose and 
had a skull fracture with diastasis of the right 
sagittal suture. Cerebral angiography demon- 
strated a small, left, parietal extracerebral 
space (Fig. 74). The patient was treated con- 
servatively. 

The patient’s clinical improvement was 
minimal. Angiography on December 19, 1972, 
demonstrated a large extracerebral space in the 
left parietal area with shift of midline struc- 
tures (Fig. 7B). A subdural hygroma was found 
at surgery and drained. The patient improved 
after operation. 


DISCUSSION 


Arterial narrowing or spasm has been 
found to occur after severe trauma,.® 67.9.10 
The precise cause is unclear, but contribut- 
ing factors include increased intracranial 
pressure, subarachnoid hemorrhage, vascu- 
lar stretching, and sympathetic discharge 
at the time of impact.’ In two of our pa- 
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tients intracerebral spasm developed after 
the initial, negative, angiographic studies, 
and in another patient it was present ini- 
tially then spontaneously resolved. While 
there is presently no effective treatment for 
arterial spasm, its angiographi¢ demonstra- 
tion is helpful because the resulting cerebral 
ischemia can explain a patient’s failure to 
improve.” 

Trauma to an artery can cause intimal 
disruption or partial transection with for- 
mation of a pseudoaneurysm.” The mech- 
anism of injury may be blunt trauma, a 
perforating wound, or hyperextension (7.¢., 
of cervical segments of carotid or vertebral 
arteries).!" The correct diagnosis of such 
injuries is important because the intimal 
tear may lead to subintimal dissection, 
complete obstruction, and profuse bleeding 
of the pseudoaneurysm.** In both cases 
surgery is usually required. 

In three of our patients pseudoaneurysms 
were demonstrated as a delayed result of 





Fic. 4. Case 1v. Plain roentgenogram of C,—C, area, 
lateral projection. Arrows locate the foreign body. 
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Fic. 5. Case 1v. Left vertebral angiogram. (4) Lat- 
eral projection on day of admission. The foreign 
body (closed arrow) has been redrawn from non- 
subtracted films. Note the irregular appearance of 
the vertebral artery (open arrow) superior to the 
foreizn body. (B) Lateral projection, 16 days after 
injury. (The foreign body has not been drawn 
on these subtraction films.) Note the large, irregu- 
lar aneurysm of the left vertebral artery (arrow). 
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Fic. 6. Case v. Right common carotid 
angiogram. Dotted lines outline cranial 
vault. (4) Anteroposterior projection 
on the day of admission. There is an 
extracerebral space in the parietal area, 
with shift of the anterior cerebral artery 
to the left. Note the distance between 
the proximal branches of the middle 
cerebral artery (solid arrows) in the syl- 
vian fissure and its distal branches over 
the cortical surface (open arrows). 
Compare this distance with that in (B). 
(B) Anteroposterior projection, 16 
days after injury. The extracerebral 
space has decreased in size, but the 
shift of the anterior cerebral artery has 
increased. The distance between the 

genu of the middle cerebral artery and its distal branches has increased, indicating an intratemporal mass. 

(C) Lateral projection, 16 days after trauma. The vessels of the sylvian triangle are elevated and draped 

over the intratemporal mass. 









12-19 72 
4 L 


r 
zy 
= 





12 4 72 





Fic. 7. Case v1. Left common carotid angiogram, anteroposterior projection. (4) On the day of admission, 
a small extracerebral space is seen. (Dotted lines outline the cranial vault.) (Reprinted, with permission, 
from Winestock eż al.!3) (B) Fifteen days after trauma, the extracerebral space Is increased, and there is 
now an increased shift of the anterior cerebral artery. (Reprinted, with permission, from Winestock ef 42.13) 
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trauma. In one, the aneurysm was pre- 
ceded by a demonstrated intimal tear. If 
the aneurysm was accessible, repair was 
attempted. 

Intracerebral hematoma, extracerebral 
hematoma, and hygroma are well known 
sequelae of trauma.’ They may develop or 
enlarge many days after injury and cause 
deterioration in the clinical condition of 
the patient. The subdural hygroma in one 
of our patients (Case vı) and the intra- 
cerebral hematoma in another (Case v) 
were first apparent on repeat angiograms. 
These patients improved after appropriate 
surgery. 


David P. Winestock, M.D. 
Department of Radiology, 380-M 
University of California 

San Francisco, California 94143 
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CAUDAL DISLOCATION OF THE PONS IN THE 
ADULT ARNOLD-CHIARI MALFORMATION: 
AN ANGIOGRAPHIC EVALUATION* 


a 
By MEREDITH WEINSTEIN, M.D.,¢ and THOMAS H. NEWTON, M.D. 


SAN FRANCISCO, CALIFORNIA 


ABSTRACT: 


The position of the pons, determined angiographically, can be related to the 
clivus and sella. In adult patients with the Chiari malformation, a caudal disloca- 
tion of the pons is frequently associated with the well known anomalously low posi- 
tion of the cerebellar tonsils. This finding may aid in the angiographic diagnosis of 


the Chiari malformation. 


HE Chiari malformation in adults 

often presents a diagnostic challenge 
because of its varied presentation.!8 The 
angiographic features of caudal dislocation 
of the cerebellar tonsils, noted in this con- 
dition, have been well described in the 
past.5—7%1 The following study was under- 
taken to determine whether the Chiari mal- 
formation in adults is also associated with 
caudal dislocation of the pons, and whether 
this anomalous position could be diagnosed 
angiographically. 


MATERIAL AND METHOD 


The position of the pons is accurately de- 
lineated by the anterior pontomesencephalic 
vein. To determine if the pons was dis- 
placed caudally it was necessary to estab- 
lish the normal variability of the position 
of the pons. The use of Twining’s line as a 
landmark proved to be unsatisfactory be- 
cause of the variability in the position of 
the torcular Herophili and the size of the 
posterior fossa in patients with the Chiari 
malformation. The clivus and the floor of 
the sella were, therefore, selected as refer- 
ence points. A line (Line A) was drawn 
connecting the posterior clinoid processes 
and the anterior aspect of the foramen 
magnum (Fig. 1). A second line (Line B) 
was then drawn tangent to the floor of the 
sella turcica and perpendicular to Line A. 


The distance from Line B to the most 
cephalad portion of the pons as outlined 
by the anterior pontomesencephalic vein 
(Point C) was measured (Fig. 1). The posi- 
tion of the pons, as determined by vertebral 
angiography, was evaluated in 150 patients 
with no posterior fossa pathology and in 14 
adult patients with Chiari malformation. 





Fic. 1. Normal relationship of anterior pontomesen- 
cephalic vein to floor of sella turcica. Line A con- 
nects the posterior clinoid processes with the an- 
terior margin of the foramen magnum. Line B is 
drawn perpendicular to Line A and tangent to 
the floor of the sella. Point C (arrow) indicates 
the most cephalad portion of the pons as defined 
by the anterior pontomesencephalic vein. In this 
normal adult patient it measured 18.0 mm above 
Line B (2:1 magnification). 


* From the Department of Radiology, University of California Medical Center, San Francisco, California. 
Supported by grant NS 2615-02 from the National Institutes of Health, United States Public Health Service. 
+ Academic Trainee in Diagnostic Radiology and current staff Radiologist, Cleveland Clinic, Cleveland, Ohio. 
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Caudal Dislocation of Pons in Chiari Malformation 
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Fic. 2. Histogram to show position of superior aspect of pons (Point C) in 150 normal patients and in 14 
adults with Chiari malformation. The position of Line B (see text) is here indicated by zero. Positive num- 
bers indicate position of pons above Line B and negative numbers below Line B. 


RESULTS 


The position of the superior aspect of the 
pons (Point C) ranged from 4.0 mm below 
Line B to 20 mm above Line B, in the nor- 
mal group of patients using 2:1 magnifica- 
tion angiography (Fig. 2). The mean height 
of the pons in children was significantly 
greater than that in adults. In neither the 
normal children nor the normal adults did 
the superior aspect of the pons (Point C) 
have a position more than 4 mm below 
Line B. 

In 9 of 14 adult patients with Chiari mal- 
formations, the rostral aspect of the pons 
(Point C) measured more than 5 mm below 
the reference Line B (Fig. 2; and 3). In the 


remaining five patients, the location of the 
pons appeared to be within the range of 
normal, although in three of the patients 
the pons measured from 1-3 mm below 
reference Line B. The size of the ventricles 
was either normal or slightly enlarged in 
eleven patients in whom ventricular size 
could be determined by air studies or 
carotid angiography. 


DISCUSSION 


In 1891 and 1895 Chiari? described a 
group of patients with malformations of 
the posterior fossa in whom, portions of the 
cerebellum and brain stem were below the 
foramen magnum. Chiari subdivided these 
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Fic. 3. Chiari malformation. Lateral vertebral an- 
giotomograms, venous phase, in two patients (2:1 
magnification). (4) The superior aspect of the 
pons (Point C-arrow) is 14 mm below Line B. (B) 
The superior aspect of the pons (arrow) lies 8 mm 
below Line B. 


malformations into four types; of these, 
only Type 1 and 11 are pertinent to our dis- 
cussion. The Type 1 deformity usually af- 
fects older children or adults in whom the 
elongated cerebellar tonsils extend into the 
upper cervical canal to a variable degree. 
Abnormalities of the foramen magnum and 
cervical spine including basilar impression, 
Klippel-Feil deformity, and hydromyelia 
are frequently associated anomalies.*:!° The 
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Type 11 deformity is seen in infants with 
hydrocephalus and meningocele or myelo- 
meningocele. In these patients the de- 
formity of the medulla oblongata and cere- 
bellum is more pronounced. Marked down- 
ward extension of the cerebellar tonsils and 
inferior displacement of the fourth ventricle 
through the foramen magnum as well as 
caudal displacement of the medulla and 
pons are usually noted. The infrequent 
postmortem diagnosis of minor caudal dis- 
placement of the pons in Chiari malforma- 
tions in adults is believed to be related to 
the lack of precise criteria for the relation- 
ship of the pons to bony landmarks and the 
inability of the pathologist to define accu- 
rately the position of the pons. 

Our studies indicate that in adult pa- 
tients with Chiari malformation not only 
are the cerebellar tonsils dislocated cau- 
dally but the pons is also often similarly 
affected. 


Thomas H. Newton, M.D. 
Department of Radiology 
University of California 
Medical Center 

San Francisco, California 94143 
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ANGIOGRAPHIC MANIFESTATIONS OF BILATERAL 
WILMS’ TUMOR* 


By BARRY T. KATZEN, M.D.,+ and MELVIN MARKOWITZ, M.D. 


NEW YORK, NEW YORK 
e 


ABSTRACT: 


Two cases of bilateral Wilms’ tumor are presented with discussion of angio- 
graphic features. Emphasis is placed on selective angiography in addition to inferior 
vena cavography for complete evaluation. Because of the incidence of bilateral dis- 
ease, and the highly vascular nature of the tumor, selective angiography of the con- 
tralateral side should be considered in the initial evaluation of unilateral Wilms’ 
tumor. Evaluation of the interface between tumor and normal parenchyma is ex- 
tremely important in bilateral disease, in anticipation of partial nephrectomy. 


V/s tumor is one of the most com- 
mon intra-abdominal tumors of child- 
hood. Incidence has been estimated at 0.4 
to I per 10,000 live births.!° In a recent re- 
ported review of 1,746 cases, 4.4 percent 
were noted to be bilateral.!° Only 65 per- 
cent of cases of bilateral Wilms’ tumors 
initially present as masses in both kidneys. 
Thirty-five percent develop evidence of a 
second mass within three weeks to ten 
years,' the majority within one year. Al- 
though some success in treating bilateral 
disease has been reported, diagnosis of 
bilaterality decreases the likelihood of cure, 
and significantly changes therapy.!:2:19 





Fic. 1. Arterial phase of aortogram. Note the marked 
stretching of intrarenal vessels, most notably on 
the left (arrows). 
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Fic. 2. Late arterial phase of aortogram. Note filling 
of tumor vessels (arrows) in the periphery of the 
mass associated with marked stretching (smaller 
arrows). 





Therefore, accurate diagnosis of the pres- 
ence of bilateral disease and the definition 
of tumor limits are significantly related to 
therapy. 

Angiography has been widely used for 
evaluation of renal tumors in adults, and 
more recently has been utilized in Wilms’ 
tumors.^—° Important information provided 
by angiography includes: a) diagnosis of 
tumor; b) definition of anatomical limits 
and tumor extention; c) patency of renal 
veins and inferior vena cava; d) evaluation 
of residual normal parenchyma in anticipa- 
tion of partial nephrectomy; e) evaluation 


* From the Division of Cardiovascular Radiology, St. Vincent’s Hospital and Medical Center of New York, New York, New York. 
t Clinical Assistant Professor of Radiology, Cornell University Medical Center. 


t Resident in Radiology. 
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of contralateral side in cases of suspected 
unilateral Wilms’ tumor; and f) evaluation 
of possible metastases or direct extension 
into the liver. 

The authors’ experience with two cases 
of bilateral Wilms’ tumor is presented to 
elucidate the angiographic manifestations 
and emphasize the pre-therapy importance 
of such examination. 


REPORT OF CASES 


Case 1. P.L. was a two year and seven month 
old Black girl who presented in July, 1969 com- 
plaining of generalized abdominal pain after 
unspecified trauma at home. Physical examina- 
tion revealed diffuse abdominal tenderness and 
rigidity. Bilateral abdominal masses extending 
into both flanks were palpated. Blood pressure 





Fic. 3. Left renal arteriogram. Note abnormal vessels 
distributed in the periphery of the mass. 
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Fic. 4. Left renal arteriogram, late nephrographic 
phase. Note size and central distribution of ab- 
normal vessels. 


was 140/110, hemoglobin, 10.4 gm, hematocrit 
36 percent, white blood cell count, 7,600 with 
normal differential. Urinalysis showed 3-4 
white blood cells, and 30-35 red blood cells per 
high power field. While in the hospital, the 
masses were noted to increase in size. Intra- 
venous pyelography, nephrotomography, and 
abdominal aortography were performed. Sur- 
gical exploration revealed bilateral huge renal 
masses with the right one firmly attached to the 
inferior surface of the liver. The patient was 
subsequently treated with Actinomycin D and 
radiation therapy. A gradual down hill course 
followed including disseminated metastases. 
The patient expired in January, 1970. Autopsy 
revealed bilateral Wilms’ tumors with consider- 
able extension into the liver substance. Bilateral 
pleural and parenchymal metastases were 
noted. The inferior vena cava was free of in- 
volvement. 


Case 11. C.N. is a two year old white boy who 
was referred to St. Vincent’s Hospital in De- 
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Fic. 5. Right renal arteriogram. (4) Arterial phase (three seconds) demonstrates filling of tumor vessels in 
the periphery of the mass. (B) Late nephrographic phase, central collection of tumor vessels with “avascu- 


lar” surrounding zone (reverse “donut”’). 


cember, 1974 because of a left abdominal mass 
noted on routine physical examination. 

The mass was firm, nontender, extending 
into the left flank and not moving with respira. 
tion. A smaller, nontender right upper quadrant 
mass was palpated and could not be differenti- 
ated from liver. Urinalysis showed 5-8 red 
blood cells per high power field. Hemoglobin 
was 12.0 gm. Intravenous pyelography per- 
formed at the time of admission revealed bi- 
lateral upper pole masses with marked distor- 
tion and displacement of the calyces. A chest 
roentgenogram and a survey for metastasis 
were negative. Aortography, selective renal and 
celiac angiography, and inferior vena cavogra- 
phy were performed, without difficulty. Surgi- 
cal exploration revealed bilateral renal masses 
which histologically were Wilms’ tumor. A right 
total nephrectomy and left subtotal nephrec- 
tomy were performed. The right kidney was 
entirely involved while the left resected speci- 
men was free of tumor at the margins. The liver 
was free of tumor. 


The patient is presently undergoing chemo- 
and radiation therapy. 


DISCUSSION 


The first patient, under general anes- 
thesia, had abdominal aortography via a 
right transfemoral arterial puncture, Sel- 
dinger technique. Marked displacement of 
intrarenal vessels is demonstrated (Fig. 1) 
and minimal, but definite, tumor vascu- 
larity is demonstrated on later films (Fig. 
2). However, optimal detail of normal renal 
parenchyma was not demonstrated. 

The second case demonstrates the added 
information provided by selective angi- 
ography. Recently, Lang® and others,!39 
described angiographic features of uni- 
lateral Wilms’ tumor, although most stud- 
ies are based on nonselective angiography.37 
Although aortic displacement is common in 
cases of unilateral tumors®7:8 it was not 
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Fic. Py mrien mnie si = Winer 
tumor interface demonstrates normal glomeruli 
on the right with gradual transition to tumor on 
the left. Note the primitive attempt at glomerulus 
formation on the left in addition to abnormal 
vessel above. 


noted in the authors’ experience of bi- 
lateral disease. On selective renal artery 
injection, malignant vasculature was most 
prominent in the late arterial-early capil- 
lary phase (Fig. 3), with persistent visual- 
ization into the late nephrographic phase 
(Fig. 4). Neoplastic vessels were large, but 
varied in size. In contradistinction to 
earlier description,® the authors noted early 
filling of the peripheral part of the tumor, 
followed by late and persistent filling of the 
more vascular central portion (Fig. 5, 7 
and B). This configuration is suggestive of 





7. Celiac angiogram nosey stretching of doki 
lobar arteries, caused by anterior displacement by 
the renal mass. No evidence of tumor vasculature 
is noted. 


Fic. 
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Fic. 8. Inferior vena cavogram reveals no deviation 
nor occlusion, with good flow from the renal veins 
(arrows). 


a “reverse donut” in that the central por- 
tion demonstrates wild neoplastic vascula- 
ture with a rather avascular peripheral rim 
on late films. The tumor is characteristic in 
its relative lack of tumor “‘stain.”’ 

As mentioned, of extreme importance is 
the evaluation of the interface between 
tumor and normal parenchyma, especially 
if partial nephrectomy is anticipated. His- 
tologically, Wilms’ tumor is characteristi- 
cally infiltrating (Fig. 6), and this is dem- 
onstrated in the ill-defined interface and 
irregular parenchymal stain in the right 
lower pole (Fig. 5). These findings suggest 
involvement of the lower pole which was 
confirmed at surgery. Selective celiac ar- 
teriography demonstrates stretching of in- 
trahepatic vessels secondary to anterior 
displacement by the renal mass (Fig. 7). 
No evidence of tumor vessels within the 
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liver is noted. Inferior vena cavography 
demonstrated good flow from the renal 
veins and normal inferior vena cava 
(Fig. 8). 

Involvement of the liver was present in 
the first case; however, selective angiogra- 
phy was not available. : 

The question of whether this disease 
represents a metastatic process or separate 
primary neoplasms is beyond the scope of 
this report; however, it should be noted 
that in neither case was metastatic disease 
present at the time of initial diagnosis. 


Barry T. Katzen, M.D. 

Division of Cardiovascular Radiology 

St. Vincent’s Hospital and Medical 
Center of New York 

153 West 11th Street 

New York, New York 10011 
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THE ABDOMINAL ANGIOGRAPHIC SPECTRUM 
OF TUBEROUS SCLEROSIS* 


By WILLIAM R. COMPTON, M.D.,¢ PATRICK D. LESTER, M.D.,f'2 
MYO M. KYA, M.D.,t and JACK A. MADSEN, M.D. 


SALT LAKE CITY, UTAH 


ABSTRACT: 


Tuberous sclerosis can present with a variety of clinical, roentgenographic and 
pathological manifestations. Although we are not advocating abdominal angiog- 
raphy in every patient with tuberous sclerosis, the clinical diagnosis may be diff- 
cult in certain cases, particularly in the young patient, and abdominal visceral an- 
giography may lead to the correct diagnosis. In two of our patients, infants ten 
months of age, the diagnosis of tuberous sclerosis was not made until abdominal 
angiography had been performed. 

The most common changes are seen in the kidney where angiographic demonstra- 
tion of hamartomas, arterial aneurysms, and multiple small cysts in the renal paren- 
chyma are noted. Renal microcysts have not been previously described angio- 
graphically although they have been noted in pathological specimens and represent 
an important feature of the disorder spectrum. 

In addition, vascular hamartomatous lesions may be demonstrated angiograph- 


ically in other abdominal organs such as the adrenal gland and liver. 


UBEROUS sclerosis classically con- 

sists of seizures, mental retardation, 
and adenoma sebaceum while hamartoma- 
tous lesions of multiple organs are the 
prime roentgenographic features. The ab- 
dominal manifestations of tuberous sclero- 
sis are most frequently related to hamar- 
tomas of the kidneys which are usually 
evaluated by intravenous pyelography. We 
have observed the expected angiographic 
appearance, but have also seen other 
changes which appear unique to this dis- 
order. It is the purpose of this paper to 
present the abdominal angiographic spec- 
trum of tuberous sclerosis which can be 
useful in the diagnosis. 


MATERIAL 


From a larger group of patients at the 
Utah State Training School suspected of 
having tuberous sclerosis, eight were se- 
lected on the basis of clinical features con- 
sistent with this disorder (all patients were 
approved through the Committee on Hu- 
man Experimentation and studied with 


parental-guardian permission). Two pa- 
tients, both infants, were not classified 
clinically until later, following roentgeno- 
graphic evaluation. 

Abdominal angiography was performed 
for evaluation of the visceral manifesta- 
tions of this disorder in all patients, and 
consisted of selective celiac, superior mes- 
enteric, and bilateral renal angiography. 
Patient ages ranged from 10 months to 34 
years, and there were five females and 
three males. 


RESULTS (TABLE I) 


All eight patients had renal angiographic 
abnormalities. The expected renal hamarto- 
mas were seen in all five of the older pa- 
tients, however, renal artery aneurysms or 
multiple small renal parenchymal cysts, or 
both, were also seen. Each of these lesions, 
when present, could be seen in both kid- 
neys. Two of the eight patients had only 
multiple hamartomas, three showed only 
small renal cysts, one had both multiple 
hamartomas and cysts, another showed 


* From the Department of Radiology,} Pediatrics,f and Neurology,§ University of Utah Medical Center, Salt Lake City, Utah. 
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multiple hamartomas and renal artery 
aneurysms, and one patient had kidneys 
demonstrating all three findings. 

Adrenal angiography demonstrated ham- 
artomatous lesions in two of the eight pa- 
tients. Each patient with adrenal tumor 
also demonstrated renal hamartomas. While 
this represents 40 percent of the patients 
with renal hamartomas (2/5), the other 
three patients were children, who may yet 
develop the more characteristic hamarto- 
matous tumors. 

Celiac angiography demonstrated ham- 
artomas in the hepatic parenchyma in five 
patients. These lesions were multiple in all 
of the patients and ranged in size from 0.3 
cm to 6 cm. Only two of the five patients 
with hepatic hamartomas had renal ham- 
artomas while the other three had only 
renal microcysts. No definite splenic lesions 
were seen. 

Superior mesenteric artery angiography 
for evaluation of bowel hamartomas was 
unremarkable. 


DISCUSSION 


Tuberous sclerosis was first described as 
a clinical entity by Bourneville in 1880 and 
is an autosomal dominant disease with vari- 


able expression affecting multiple organs. 
Although the classical clinical triad of 
convulsive disorder, mental retardation, 
and adenoma sebaceum is well known, the 
spectrum may be quite varied. In a series of 
71 patients studied at the Mayo Clinic’ 
only 62 percent were mentally retarded. 
All the mentally retarded patients had a 
clinical history of seizures, but only 69 per- 
cent of the patients with normal intelli- 
gence had convulsions. In addition, ade- 
noma sebaceum was present in 83 percent 
of the patients, usually developing in the 
second to third year of life. 

The hallmark of its pathological involve- 
ment is hamartomas. In the eye, retinal 
tumors, or phakomas, are found in $3 per- 
cent of patients.” In the brain, intracranial 
calcifications representing calcified tumor 
nodules are found in 48-63 percent of pa- 
tients.’ These calcifications do not correlate 
with mental ability, and are found most 
commonly in the central brain in the para- 
ventricular regions. Pneumoencephalogra- 
phy may demonstrate brain atrophy, 
dilated ventricles, or subependymal tumor 
nodules in the ventricular walls.’ 

The bones may demonstrate patchy 
areas of osteosclerosis in the skull, vertebral 
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column, and pelvis which can simulate 
osteoblastic metastases. Additional find- 
ings include small phalangeal cysts and a 
wavy periosteal thickening which may be 
found about the shafts of the „1008 bones 
and phalanges.!’ 

Spontaneous pneumothorax, cor pulmo- 
nale, or interstitial-type infiltrates secon- 
dary to small cysts and adenomas reflect the 
intrathoracic involvement frequently seen. 
Cardiac tumors, especially rhabdomyomas, 
may be seen.!? 


KIDNEY 


The most frequent abdominal manifesta- 
tion of tuberous sclerosis is multiple renal 





Fic. 1. Case v. A 24 year old female demonstrating 
the typical angiographic features of multiple 
hamartomas and renal artery aneurysms (arrows) 
involving the entire kidney. 
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Fic. 2. Case vu. Subtraction technique in a se- 
lective lower pole renal angiogram demonstrating 
arterial aneurysms (small arrows) and multiple 
hamartomas (large arrows). 


hamartomas which have been reported in 
60-80 percent of patients.”"4 Clinically, the 
patients may have vague urinary tract or 
abdominal symptoms. Occasionally, the 
tumors present as asymptomatic abdomi- 
nal masses.! If hemorrhage occurs, patients 

may have gross hematuria or acute abdomi- 
nal pain.’ 

The hamartomas are mixed mesodermal 
tumors composed of fat, smooth muscle, 
and blood vessels in varying proportions, 
therefore the alternative term “‘angiomyo- 
lipomas”’ has been used. In almost all cases, 
these lesions are benign; extension into a 
renal vein or metastasis is rare. Such ex- 
tension may even represent multiple ham- 
artomatosis.!2 In one of our patients, large 
hamartomas tremendously increased in 
size for no apparent reason. There was no 
basic change in the appearance of the indi- 
vidual lesions and no metastases have oc- 
curred. 
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Fic. 3. Case 1. Magnification view of a left renal 
angiogram in the capillary phase demonstrating 
multiple small round radiolucencies in the renal 
parenchyma characteristic of renal microcysts 
(arrows). 


The intravenous pyelogram, when posi- 
tive, will demonstrate multiple mass lesions 
displacing calyceal structures as seen in 
polycystic kidney disease. Occasionally, 
the hamartomas will be radiolucent be- 
cause of a high fat content, making dif- 
ferentiation from cysts possible.!:!° It is 
usually impossible, however, to distinguish 
these two entities on the pyelogram alone, 
and correlation with other clinical findings, 
as well as angiography, is usually necessary. 
Only three of our five patients with hamar- 
tomas had lesions large enough to be seen 
on intravenous pyelography. 

Although solitary renal hamartomas 
(which are generally not associated with 
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tuberous sclerosis) may have some angio- 
graphic features which may simulate renal 
carcinoma, the multiple lesions in tuberous 
sclerosis patients usually do not present a 
diagnostic problem (Fig. 1; and 2). The 
lesions ofte® show a “‘whorled” type of ar- 
terial appearance with a rather well defined 
circumferential peripheral arterial network. 
Multiple aneurysms or aneurysmal dilata- 
tions of the interlobar and interlobular ar- 
teries is another feature.?!® Arteriovenous 
puddling of contrast material may be seen; 
however, early arteriovenous shunting does 
not seem to occur. Attempts to evaluate 
the lesions with intra-arterial epinephrine 
shows a similar lack of response as with 
renal carcinoma because of a deficiency in 
the smooth muscle lining in the arteries.?:3:16 
This lack of epinephrine response was con- 





Fic. 4. Case rv. Adrenal gland hamartoma. Note the 
intact renal cortex of the upper pole indicating 
adrenal origin of the tumor. This patient also had 
renal and hepatic hamartomas. 
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firmed in some of our patients. 

The finding of small renal cysts has not 
previously been described as an angio- 
graphic manifestation of tuberous sclerosis. 
Pathologic evaluation of the kidneys in pa- 
tients with tuberous sclerosis, However, has 
shown multiple renal cortical cysts.2" 
It is debated whether the cysts represent 
anomalies of development or whether they 
are of obstructive origin. Several authors 
have described patients with combined 
polycystic disease and the multiple renal 
hamartomas of tuberous sclerosis. We 
feel that the demonstration of multiple 
cysts in these patients is merely a part of 





Fic. 5. Case vi. Adrenal gland hamartoma with 
angiographic features similar to those of the more 
common renal hamartomas. The adrenal arteries 
originating from the renal artery are enlarged as 
they supply this tumor. 
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Fic. 6. Case v. Subtraction technique in the late 
arterial phase of a hepatic angiogram demonstrat- 
ing two separate and well-defined hamartomas in 
the hepatic parenchyma (arrows). The larger tu- 
mor is 6 cm in diameter and has features similar to 
its renal counterpart. 


the spectrum of this disease. Five of our 
eight patients demonstrated round cortical 
radiolucencies ranging from o.1 cm to I cm 
in size (Fig. 3). In three of these patients, 
the only renal manifestation was renal 
microcysts, but hepatic hamartomas were 
also seen. 

The renal angiographic manifestations of 
tuberous sclerosis consisting of multiple 
hamartomas with the features described, 
multiple renal arterial aneurysms, small 
renal cortical cysts, or some combination of 
these, are seen in all our patients. At least 
one of these lesions must be present for us 
to consider the diagnosis. It may be that 
the typical hamartomas become more pro- 
nounced, and therefore easier to detect, as 
age progresses. 


ADRENAL GLAND 


Adrenal gland hamartomas have not 
been described angiographically in patients 
with tuberous sclerosis, and have only 
rarely been described pathologically.” 
Two of our eight patients demonstrated 
adrenal angiomyolipomas with the same 
angiographic criteria for diagnosis as their 
renal counterparts (Fig. 4; and 5). It may 
be difficult to distinguish between upper 
renal pole tumors and those arising from 
the adrenal gland. Both tumors were sup- 


812 





Fic. 7. Case 1. Magnified view of the liver in a se- 
lective hepatic capillary phase demonstrating 
another hepatic hamartoma. 


plied primarily by the adrenal arteries. 


LIVER 


Hepatic hamartomas have also been de- 
scribed pathologically in patients with 
tuberous sclerosis.!51819 Specific angio- 
graphic demonstration of angiomyolipomas 
of the liver has not been described in 
tuberous sclerosis, although following angi- 
ography, hepatic involvement was sug- 
gested in one report.!? In our series, five of 
eight patients demonstrated vascular tu- 
mors of the liver with celiac angiography 
(Fig. 6; and 7). The characteristics of these 
liver lesions were similar in some respects 
to those of the renal hamartomas, although 
aneurysms were not identified. 


MISCELLANEOUS 


Rarely, additional visceral involvement 
with hamartomas in tuberous sclerosis has 
been reported in specimens including the 
spleen and pancreas.!*:!8 Angiographic dem- 
onstration of these lesions has not been de- 
scribed. In our series none of the patients 
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showed spleen, bowel or pancreatic lesions, 
but one might anticipate that the usually 
smaller lesions would be more difficult to 
detect, especially in the bowel. 


Patrick D. Lester, M.D. 
Department of Radiology 
University of Utah Medical Center 
Salt Lake City, Utah 84132 


We appreciate the cooperation of the 
staff, patients, and parents of the Utah 
State Training School in this evaluation 
and study. 
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THE COMPLICATION RATE OF CATHETER ANGIOG- 
RAPHY BY DIRECT PUNCTURE THROUGH 
AORTO-FEMORAL BYPASS GRAFTS* 

By RONALD L. EISENBERG, M.D., RICHAR® L. MANI, M.D., 
and EUGENE J. McDONALD, Jr., M.D. 


SAN FRANCISCO, CALIFORNIA 


ABSTRACT: 


A search of the literature revealed no documentation of the complication rate 
associated with percutaneous catheterization of aorto-femoral bypass grafts in the 
arteriographic evaluation of graft patency. The authors compared the complication 
rates of 29 consecutive arteriograms performed through grafts (Group 1) with 40 
arteriograms performed on non-graft patients (Group 11). Neither group had any 
significant complications, indicating the safety of percutaneous catheterization of 


the graft site. 


(R. angiography is employed 
with increasing frequency in the evalu- 
ation of the patency of aorto-femoral by- 
pass grafts in patients with peripheral vas- 
cular occlusive disease. To avoid direct 
puncture of the graft it has been traditional 
for the vascular surgeon to request that the 
angiographer use the axillary or trans- 
lumbar approach. Fear of direct graft 
puncture has been based on the following 
potential hazards: (1) Uncontrollable 
bleeding and hematoma formation because 
of the non-vascular nature of the punctured 
graft. (2) Disruption of the anastomotic 
suture line and consequent false aneurysm 
formation. (3) Infection of the graft site 
necessitating surgical intervention. (4) Dis- 
ruption of the pseudo-intima with possible 
thrombogenesis. 

A search of the literature, however, has 
revealed no documentation of the complica- 
tion rate associated with direct puncture of 
aorto-femoral grafts. 

Over the last several years, the authors, 
with the agreement of the vascular sur- 
geons, have employed catheter angiography 
by percutaneous puncture of the aorto- 
femoral graft on a routine basis. 

The purpose of this communication is: 
(1) to review our case material over a three 


year period; (2) to document the complica- 
tion rate associated with catheter angiog- 
raphy by direct puncture of aorto-femoral 
grafts; and (3) to compare this complica- 
tion rate with femoral catheter angiography 
in non-graft patients. 


MATERIAL AND METHOD 


Our method for percutaneous puncture 
of aorto-femoral bypass grafts follows the 
conventional Seldinger technique. We em- 
ploy a No. 6 French dilator prior to the in- 
sertion of a straight No. 6 French (0.082 in. 
O.D.) catheter with five side holes. Direct 
pressure is applied to the puncture site for 
15 minutes after the catheter is withdrawn. 
Patients are returned to the ward with the 
following post-angiographic orders: 


1. Check vital signs, groin, and periph- 
eral pulses every I5 minutes X4, 
every 30 minutes X2, every hour X2 
then resume routine check of vital 
signs. 

. Bed rest for eight hours with punc- 
tured extremity extended. 


to 


The case material was divided into two 
groups. Group I (Graft Group) consisted 
of 29 femoral arteriograms performed be- 
tween January, 1972 and August, 1975 on 


* From the Department of Radiology, University of California Medical Center and the Veterans Administration Hospital, San 


Francisco, California. 
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20 patients by direct puncture of the aorto- 
femoral bypass graft. Twelve patients were 
studied once, seven were studied twice, and 
one patient had three separate examina- 
tions. The average age of these patients was 
62 years with a range of 50 tò 77 years. All 
were male and had a history of surgery for 
claudication. Group 11 (Control Group) 
consisted of 40 consecutive aorto-femoral 
arteriograms performed during the same 
period on 40 patients by direct puncture 
through non-grafted femoral arteries. The 
average age was 65 years with a range of 47 
to 94 years. All the patients were male and 
had a history of claudication and some sig- 
nificant degree of peripheral vascular oc- 
clusive disease. 

The method of analysis for possible com- 
plications was as follows: 


1. Complete review of patients’ medical 
charts. 

2. Review of all arteriograms. 

3. Interview with attending vascular 
surgeons. 

4. Review of arteriographic technicians’ 
records. 


Complications were defined as (a) hema- 
toma; (b) bleeding; (c) thromboembolic 
phenomena (e.g., diminished pulse, cold 
leg); (d) infection; and (e) false aneurysms. 
Any of these complications may have re- 
quired surgical or medical consultation, 
unanticipated therapy, or additional hos- 
pitalization. 


RESULTS 


Analysis of Group 1 and Group 11 demon- 
strated no evidence of complications as de- 
fined by the above criteria. In addition, no 
systemic complications, 7.e., alteration of 
blood pressure, heart rate or rhythm, were 
noted. 

Uncontrolled bleeding, hematoma, and 
thromboembolism are possible short-term 
hazards of percutaneous punctures of aorto- 
femoral bypass grafts. Our study revealed 
no evidence of these complications. Post- 
angiographic infection and false aneurysms 
are complications requiring a longer period 
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secutive arteriograms (4, 3/16/74; B, 10/25/74) 
performed on the same patient by percutaneous 
catheterization of left limb of aorto-femoral graft 
(arrow). No evidence of thromboembolism or false 
aneurysm is seen on follow-up study (B). 


of follow-up. Eight patients in our series 
had repeat examinations from 6 to 30 
months after the original angiogram (Fig. 
1). In no case was there any evidence o 
long term complications (Tables 1 and 11). 


TABLE Í 


EVALUATION OF LONG-TERM COMPLICATIONS 
(INFECTION, FALSE ANEURYSM, THROMBOEMBOLISM) 


Follow-Up Time | Number of 


(in months) Arteriograms Complications 


o-6 9 O 
7-12 II O 
13-18 5 O 
19-24 I O 
25-30 I O 
31-36 a) O 
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TABLE I] 


ANALYSIS OF PATIENTS WITH REPEAT ANGIOGRAMS 








Time Interval be- 


tween Angiograms Number of Complications 
(in months) Patients 
o-6 I O 
7-12 ar O 
13-18 4* O 
19-24 O O 
25-30 2 O 





* Includes one patient with 3 examinations (January, 1974, 
November, 1974, June, 1975). 


DISCUSSION 


The radiologist is faced with an increas- 
ing demand for the angiographic evalua- 
tion of patients with aorto-femoral bypass 
grafts. The traditional approach has been 
through the axillary route to avoid direct 
puncture of the graft site because of con- 
cern for possible post-angiographic com- 
plications. Abrams! advises, “In patients 
with aortic thrombosis or a previous aortic 
bifurcation graft, the left axillary artery 
approach to the abdominal aorta is em- 
ployed” and adds “a prior aorto-iliac or 
aorto-femoral bypass graft, however, is 
usually avoided as a catheterization route, 
despite a strong femoral pulse... .” 
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In our experience, the axillary approach 
is a much more cumbersome and difficult 
procedure than the direct femoral route. 
The axillary puncture requires greater 
skill, hemostasis is more difficult to achieve, 
and selectiv@ catheterization of aortic 
branches, when required, is more difficult. 
The utilization of percutaneous puncture 
of the aorto-femoral graft increases the 
speed and ease of the procedure. 

A review of our case material demon- 
strated no evidence of short-term local or 
systemic complications in 29 direct per- 
cutaneous punctures through grafts, and 
no long-term complications in nine patients 
evaluated with repeated studies. 

These results, therefore, strongly sug- 
gest that catheter angiography through 
percutaneous puncture of an aorto-femoral 
bypass graft is not only a safe procedure, 
but the procedure of choice in the evalua- 
tion of graft patency. 


Ronald L. Eisenberg, M.D. 
Department of Radiology 
Veterans Administration Hospital 
4150 Clement Street 

San Francisco, California 94121 
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SYSTEMIC ARTERIAL SUPPLY TO NORMAL BASILAR 
SEGMENTS OF THE LEFT LOWER LOBE* 


By DONALD R. KIRKS, M.D.,{{ PETER E. KANE, M.D.,j EDWARD 
A. FREE, M.D.,§ and HOOSHANG TAYBI, M.D.t 
OAKLAND, CALIFORNIA 


K TSTEMIA arterial supply to normal 
pulmonary parenchyma is a rare con- 
genital abnormality with characteristic 
roentgenological features. Two cases of this 
lung anomaly are presented. 


REPORT OF CASES 


Case 1. D.T. was the product of a normal 
gestation. A heart murmur was first noted at 
six months of age, but no further investigations 
were performed. At six years of age, a heart 
murmur was again detected, during a routine 
school physical, and he was referred to Chil- 
dren’s Hospital Medical Center for further 
evaluation. 

Physical examination revealed an asymptom- 
atic male. The temperature, pulse, respiratory 
rate, and blood pressure were normal. There 
were a precordial thrill and a prominent left 
ventricular impulse. A grade 4/6 continuous 
heart murmur was best heard beneath the left 
clavicle but also radiated to the cardiac apex, 
axilla, and posterior chest. The remainder of 
the physical examination was normal. 

An electrocardiogram demonstrated left ven- 
tricular hypertrophy and left atrial enlarge- 
ment. A chest roentgenogram showed cardiac 
enlargement and a retrocardiac density which 
obliterated a portion of the descending thoracic 
aorta (Fig. 14). Cardiac catheterization re- 
vealed slight elevations of the pulmonary wedge 
and left ventricular end diastolic pressures. The 
oxygen saturation values in the left ventricle 
and aorta were normal. There was normal pul- 
monary arterial supply to the entire right lung, 
left upper lobe, and superior segment of the left 
lower lobe. There were no pulmonary arteries 
to the basilar segments of the left lower lobe 
(Fig. 1B). A large systemic artery from the 
descending thoracic aorta supplied the basilar 
segments of the left lower lobe (Fig. 1C). There 
was a capillary phase in these segments with 
rapid filling of the inferior pulmonary vein 
(Fig. 1, D and E) which drained into the left 
atrium (Fig. 1F). 


Bronchoscopy immediately prior to thora- 
cotomy showed all major bronchi of the left 
lung to be in their normal location. Through a 
left thoracotomy, the large, tortuous vessel off 
the descending thoracic aorta was readily 
identified and ligated at its origin. Pulmonary 
arterial supply to the superior segment of the 
left lower lobe was identified and a left lower 
lobectomy performed. 

Pathclogically, the large artery was elastic- 
walled. The parenchyma, major bronchi, minor 
bronchi, and bronchioles of the resected lower 
lobe were normal. 


Case u. H.R. was the product of a normal 
gestation with a normal mental and physical 
development. A heart murmur was heard at 
one week of age. At 17 months of age, she was 
admitted to Children’s Hospital Medical Cen- 
ter because of recurrent urinary tract infec- 
tions. 

Physical examination showed an asymptom- 
atic well-developed female. The temperature, 
pulse, respiratory rate, and blood pressure 
were normal. There was a grade 2/6 systolic 
ejection murmur along the left lower sternal 
border as well as a bruit at the left lung base 
posteriorly. The remainder of the physical 
examination was normal. 

The plain film of an intravenous pyelogram 
revealed a retrocardiac density which partially 
obliterated the descending thoracic aorta. This 
abnormality was confirmed by a chest roent- 
genogram (Fig. 24). The pulmonary artery 
pressure, aortic pressure, and descending aortic 
oxygen saturation were normal. Cine angio- 
cardiography demonstrated normal pulmonary 
arterial supply to the entire right lung, left 
upper lobe, and superior segment of the left 
lower lobe. There were no pulmonary arteries to 
the basilar segments of the left lower lobe. A 
large systemic artery arising from the descend- 
ing thoracic aorta supplied the basilar segments 
of the left lower lobe (Fig. 2B). There was 
a capillary phase in these basilar segments 


* From the Departments of Radiology and Surgery,§ Children’s Hospital Medical Center, Oakland, California. 
t Present Address: Department of Radiology, Children’s Medical Center, The University of Texas Health Science Center, Dallas, 


Texas. 
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(Fig. 2C) with venous drainage (Fig. 2D) into 
the left atrium. 

At thoracotomy, a vessel one centimeter in 
diameter off the descending aorta led into the 
basilar segments of the left lower lobe. A 
branch of the left pulmonary artery supplied 
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Fic. 1. Case 1. (4) Chest roentgenogram. The heart is 


enlarged in its transverse diameter. There is a density 
in the left lower lobe (open arrows) with obscuration 
of a segment of the descending aorta (closed arrow). 
(B) Pulmonary angiogram, two seconds. A branch of 
the left pulmonary artery supplies the superior seg- 
ment of the lower lobe (arrow). There are no vessels 
supplying the basilar segments of the left lower lobe. 
(C) Thoracic aortogram, one second. A large artery off 
the descending aorta (arrow) supplies the basilar seg- 
ments of the left lower lobe. (D) Anteroposterior and 
(E) lateral thoracic aortogram, two seconds. Normal 
capillary phase throughout the basilar segments with 
rapid filling of the inferior pulmonary vein. (F) Tho- 
racic aortogram, three seconds. Drainage of the basilar 
segments via a large inferior pulmonary vein (arrows) 
into the left atrium (LA). 


the superior segment of the left lower lobe. A 
vein two centimeters in diameter drained from 
the basilar segments of the left lower lobe into 
the left atrium. A left lower lobectomy was 
performed. 

Pathologically, there was neither gross nor 
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Fic. 2. Case 11. (4) Chest roentgenogram. The heart size and pulmonary vascularity are normal. There is a 





vague density in the left lower lobe (open arrows) with obliteration of the descending aorta (closed arrow). 
(B) Thoracic aortogram, one second. Large systemic artery (arrow) supplies the left lower lobe. (C) Tho- 
racic aortogram, three seconds. Normal capillary phase of the basilar segments of the left lower lobe. (D) 
Thoracic aortogram, 6 seconds. Normal venous drainage from the inferior pulmonary vein (arrows) into 


the left atrium. 


microscopic evidence of contiguity between the 
large systemic artery and vein of the basilar 
segments. This thick-walled artery had multi- 
ple well-defined elastic laminae within its media. 
The major bronchi, minor bronchi, and bronchi- 
oles were normal. There was no evidence 
of inflammation, sequestration, or dysplastic 
change within the pulmonary parenchyma. 


DISCUSSION 


Systemic arterial supply to normal lung 
is a rare congenital abnormality of pulmo- 
nary blood supply.?4% 1012.18 The arterial 
supply of a normal segment of pulmonary 
parenchyma is provided by an aberrant 
vessel that arises from the aorta. 

The lungs first appear during the third 
week of embryonic life as ventral out- 
growths of the foregut. By 30 days, a 
visceral vascular plexus has appeared 


arounc the branching primary lung buds.! 
This plexus is fed by “‘pulmonary” chan- 
nels from the sixth aortic arches as well as 
“systemic” channels from the paired dorsal 
aortas.2:8 Normally, the channels from the 
sixth aortic arches as well as the vascular 
plexus differentiate into the definitive pul- 
monary arteries, while the systemic chan- 
nels involute to form the minute bronchial 
arteries. Although the etiology of a systemic 
arterial supply to normal lung is unknown, 
the most likely theory is that one of the sys- 
temic arteries retains its original embryonic 
connection between aorta and pulmonary 
parenchyma.’ 

Patients with systemic arterial supply to 
normal lung may be totally asymptomatic. 
Eventually, left ventricular enlargement 
and congestive heart failure secondary to 
the left-to-left shunt may develop." There 
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TABLE I 


SPECTRUM OF CONGENITAL PULMONARY ABNORMALITIES WITH SYSTEMIC ARTERIAL SUPPLY 


00 ooo 


Congenital Abnormality 


Abnormal 
Abnormal ; 
i Pulmonary Systemic 
Bronch@l 
Distribution Anery sery 
Distribution 
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Normal 


Accessory Arterial Supply to Lung by Systemic Vessel3410.12 — a 
Only Arterial Supply to Lung by Systemic Vessel (These 


Two Cases)! 
Sequestration? 911.14 
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are usually no associated pulmonary symp- 
toms. 

The roentgenology of this abnormality is 
demonstrated by these two reported cases. 
The abnormal vascular supply in the in- 
volved segment of lung produces a soft- 
tissue density with striate margins. The basi- 
lar segments of the left lower lobe are most 
commonly involved,’ and there is neither 
associated mass effect nor cystic change of 
the pulmonary parenchyma. The aorta may 
be obliterated at the origin of the systemic 
vessel. There may be associated cardiac en- 
largement. Bronchoscopy and bronchog- 
raphy demonstrate normal major and mi- 
nor bronchial anatomy. Aortography and 
pulmonary angiography show a large sys- 
temic artery supplying the only blood flow 
to the involved segments of lung. Although 
this aberrant vessel may originate from one 
of several aortic branches or from the aorta 
below the diaphragm, it usually arises from 
the aorta just above the diaphragm." The 
aortogram shows a normal “‘parenchyma- 
gram” without direct communication be- 
tween the systemic artery and a pulmonary 
vein. Drainage of the involved segments is 
usually vza the inferior pulmonary vein into 
the left atrium. 

It should be stressed that not all pulmo- 
nary lesions with systemic arterial supply 
are sequestrations. Other congenital causes 
are arteriovenous fistula, pulmonary artery 
aplasia,’ and systemic arterial supply to 
normal lung. Acquired causes of systemic 
arterial supply to lung include pulmonary 
suppuration, pleurectomy,® and iatro- 


genic anastomosis.!° Pulmonary sequestra- 
tion is a congenital abnormality character- 
ized by non-functioning, usually cystic 
lung tissue, which has no normal connec- 
tion with either the bronchial tree or pul- 
monary arteries.t™ %1 The absence of mass 
effect, normal bronchial distribution, and 
normal parenchyma in the involved seg- 
ments of lung exclude a diagnosis of seques- 
tration in these two reported cases. 

Despite these differences, systemic ar- 
terial supply to normal pulmonary paren- 
chyma is probably closely related to se- 
questration.* These patients fit into a spec- 
trum of congenital pulmonary abnormali- 
ties (Table 1). The aberrant systemic ar- 
tery may provide either the only arterial 
supply to lung as in these reported cases,’ 
or may provide arterial supply to lung in 
addition to normal pulmonary arterial 
supply.3:41022 Tn addition, all of these con- 
genital lesions with an aberrant systemic 
artery to lung may develop rapid left-to- 
left shunting.“ This is particularly well 
illustrated by Case 1. However, the seg- 
mental involvement and neither angio- 
graphic nor pathologic evidence of direct 
arteriovenous communication exclude a 
diagnosis of congenital arteriovenous fis- 
tula.’ 

Complete roentgenologic evaluation is 
critical in planning definitive surgical ther- 
apy. The anomalous systemic vessel may 
simply be ligated if there is associated nor- 
mal pulmonary artery supply to the in- 
volved segment of lung.®4 Associated se- 
questration in the involved pulmonary pa- 
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renchyma requires complete removal to 
prevent recurrent infection.‘ Finally, if the 


in 


volved parenchyma is normal and the 


only blood supply to the lung segment is 
via the systemic artery, it may be possible 
to transfer the origin of the anomalous 
vessel to the pulmonary artery. The anom- 
alous vessel is divided at its origin, the de- 
fect in the aorta is closed, and the proximal 
end of the systemic vessel is sutured to the 
inferior side of the pulmonary artery. This 
surgical method requires that the procedure 


1S 


technically feasible, the involved segment 


of pulmonary parenchyma is normal, and 
the anomalous vessel can function physio- 
logically as a pulmonary artery." 


SUMMARY 


Two cases of sole arterial supply to nor- 


mal basilar segments of the left lower lobe 
via an aberrant systemic vessel are de- 
scribed. A spectrum of congenital pulmo- 
nary abnormalities with systemic arterial 
supply to the lung is presented. Complete 
roentgenologic evaluation is necessary prior 
to definitive surgery. 


Hooshang Taybi, M.D. 
Department of Radiology 
Children’s Hospital Medical Center 
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IATROGENIC EMBOLIZATION OF THE SUPERIOR 
MESENTERIC ARTERY: ARTERIOGRAPHIC 
OBSERVATIONS AND CLINICAL 
IMPLICATIONS* . 


By ADAM LANDE, M.D., and MORTON A. MEYERS, M_D.# 


NEW YORK, NEW YORK 
ABSTRACT: 


Following sudden occlusion of the superior mesenteric artery, there is a charac- 
teristic and predictable pattern of blood flow through the instantaneously activated 
collateral channels. On the left, the first patent jejunal or ileal branch utilizes the 
central tier of the mesenteric arcades to revascularize the distal trunk of the oc- 
cluded superior mesenteric artery. On the right, the anastomotic connection between 
the middle colic, right colic, and ileocolic arteries provides an efficient collateral 
pathway. These two collateral channels supplement each other and the distal trunk 
of the occluded superior mesenteric artery is usually rapidly reconstituted. 

Superior mesenteric artery embolization is frequently an asymptomatic event. 
There appears to be a variable tolerance of cardiac and non-cardiac patients to the 
effect of superior mesenteric embolization. Non-cardiac patients may tolerate 
embolization of the superior mesenteric artery quite well. Cardiac patients fre- 
quently respond with an ischemic crisis. The site of embolization is another deter- 
mining factor. An embolus below the origin of the middle colic artery provides an 
incomparably more favorable hemodynamic situation than an embolus proximal to 


the origin of this vessel. 


The excellent tolerance of our group of patients to superior mesenteric emboliza- 
tion appears to be closely related to these two main factors. 


[NTESTINAL ischemia and infarction 

may be occlusive or non-occlusive in 
nature. Non-occlusive forms of intestinal 
gangrene usually occur in patients with 
heart disease and a failing myocardium. 
Severe splanchnic vasoconstriction may 
lead to irreversible damage in the superior 
mesenteric territory.®7. 11:14.15 Non-occlusive 
bowel infarction may also occur in patients 
with severe hemorrhage and shock.®7:14:15 
Spontaneous intestinal ischemia may fol- 
low thrombosis of the superior mesenteric 
artery.™*1 Thrombotic occlusions generally 
develop in the first few centimeters close 
to the origin where atherosclerotic deposits 
are common in elderly individuals.® 

This report is concerned with a detailed 
analysis of ten cases of iatrogenic emboliza- 
tion of the superior mesenteric artery which 


occurred in the course of selective catheter- 
ization of this vessel. Review of the litera- 
ture provides surprisingly little informa- 
tion regarding the immediate arteriographic 
alterations and clinical manifestations fol- 
lowing embolization of the superior mesen- 
teric artery distal to its middle colic branch. 
This type of study provides a unique oppor- 
tunity to determine the immediate circula- 
tory changes following acute occlusion of 
the superior mesenteric artery and its ma- 
jor branches. It also places the clinical as- 
pects of this syndrome into a new per- 
spective. 


MATERIAL AND METHOD 


In the six years between 1968 and 1974, 
780 selective superior mesenteric arterial 
catheterizations were performed at the 


* From the Department of Ratiology, New York Medical College, Metropolitan Hospital Center, New York, New York. 
+ Present Address: Department of Radiology, The New York Hospital-Cornell Me ical Center, New York, New York. 
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Metropolitan Hospital Center of the New 
York Medical College. The indications for 
the examinations were quite variable and 
ranged from acute abdominal trauma to 
suspected intra-abdominal malignancy. 

The standard procedure for selective su- 
perior mesenteric artery catheterizations 
remained unchanged over this period. A 
thin-walled, gray Kifa catheter (O.D. 2.8 
mm-I.D. 1.8 mm) was routinely employed. 
Although this catheter accepts a 0.053” 
guidewire, the tip of the catheter was 
molded over a 0.035” guide and 0.035” 
euidewires were employed during cathe- 
terization. Selective catheterization was 
routinely preceded by flush aortography. In 
all ten instances of superior mesenteric 
artery embolization, the thrombus formed 
in the tip of the catheter after it was selec- 
tively placed in the superior mesenteric 
artery trunk and the thrombus was pro- 
pelled into the vessel during subsequent 
serial arteriography. The formation of the 
clot could be traced to negligence in flushing 
the catheter with heparinized saline. Most 
of the embolizations occurred during initial 
experiences with selective catheterizations. 
In the last several years, with introduction 
of a continuous arterial perfusion pump, 
the incidence of this complication has been 
drastically reduced. 


RESULTS 


A single embolus was present in all in- 
stances except one. The clot preserved its 
integrity and did not disintegrate into 
smaller fragments. It varied in length from 
5 mm to 4 cms, but averaged 2 cms in 
length. The embolus was always arrested 
before it reached the small intestinal ar- 
cades. Although all thrombi were formed in 
the tip of the catheter, they were trapped 
at various levels of the superior mesenteric 
artery. This apparently was primarily re- 
lated to the length of the thrombus and the 
width of the superior mesenteric artery ina 
given patient. In eight patients the embolus 
was arrested in the main trunk of the 
superior mesenteric artery. The larger em- 
boli were retained high in the superior 
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mesenteric artery and accordmgly a much 
larger arterial tree was rendered ischemic. 
The two largest emboli lodged just below 
the origin of the middle colic artery. None 
occluded the origin of the middle colic 
artery or the superior mesenteric artery 
above the origin of the middle colic. There 
was a definite tendency for the clot to mi- 
grate along the main trunk of the vessel. 
When the thrombus was arrested, at least 
one but usually several small intestinal 
branches were occluded and eliminated 
from circulation. The number of intestinal 
branches occluded depended on the length 
of the impacted embolus. The ileo-colic 
artery was embolized on one occasion and 
an ileal branch in another patent. 


ARTERIOGRAPHIC OBSERVATIONS 


In all patients, collateral circulation by- 
passed the acutely occluded segment within 
several seconds. The small intestinal ar- 
cades composed of several tiers of inter- 
communicating channels serve as a most 
efficient collateral pathway. 

The central tier of arcuate arteries con- 
stitutes the preferential collateral route in 
sudden occlusion of the main trunk of the 
superior mesenteric artery (Fig. 1; and 3, 4 
and B). This is related to its comparatively 
short course and larger cross-sectional 
diameter.‘ The collateral by-pass bridging 
the occluded segment originates from the 
first patent intestinal branch immediately 
proximal to the obstruction. Rapid opacifi- 
cation of the central arcades proceeds to 
the first non-occluded jejunal or ileal artery 
distally which then revascular zes the main 
trunk of the superior mesenteric artery. In 
this fashion, the distal aspect of the su- 
perior mesenteric artery is virtually im- 
mediately reconstituted. 

To the right of the supericr mesenteric 
artery, another collateral circvit is immedi- 
ately activated to by-pass the obstruction. 
This bridge is composed of the right branch 
of the middle colic artery and its anasto- 
mosis with the right colic and ileo-colic 
branches (Fig. 1-3). 

These two collateral charnels supple- 
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Fic. 1. Schematic illustration of the circulatory con- 
ditions in the superior mesenteric artery following 
embolization of the main trunk. Initially the main 
collateral pathways are directed towards the distal 
trunk of the vessel (thick arrows). After revascu- 
larization of the central vessels the blood flow 
is re-routed along the peripheral arcades and into 
the vasa recta (double-bar arrows). 


ment each other and represent a very eff- 
cient collateral pathway. The distal stump 
of the occluded superior mesenteric artery 
is typically opacified within seconds (Fig. 
2-4). The length of the thrombus is thereby 
precisely delineated by the opacified distal 
as well as proximal stump of the occluded 
superior mesenteric artery trunk. 


CLINICAL OBSERVATIONS 


Seven of the ten patients with iatrogenic 
embolization of the superior mesenteric ar- 
tery were totally asymptomatic. In these, 
the embolus was small in size and located 
distally in the superior mesenteric artery or 
its branches. Small intestinal barium ex- 
aminations performed within 24 hours fol- 
lowing the incident demonstrated no ab- 
normality. Stool guaiacs were consistently 
negative. 
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Of the three patients who displayed 
symptoms, two had large emboli impacted 
just distal to the origin of the middle colic 
artery (Fig. 3, Æ and B) and their clinical 
manifestations were quite similar. Severe 
colicky pain’ developed immediately, per- 
sisted for several hours, and required ad- 
ministration of analgesics. Watery diarrhea 
was guailac-positive but there was no frank 
blood in the stool. Following heparinization 
and administration of broad-spectrum anti- 
biotics, there was rapid resolution of symp- 
toms. Small intestinal series performed in 
one patient 48 hours following the embo- 
lization showed mild edema of mucosal 
folds but no evidence of thumbprinting. 
The third patient had an embolic occlusion 
of the distal aspect of the superior mesen- 
teric artery which, however, was compli- 
cated by severe intestinal adhesions de- 
veloping several months after insertion of a 
Y-graft prosthesis for a Leriche’s syndrome 
(Fig. 4). Immediately following arteriogra- 
phy, he developed severe colicky pain, and 
several hours later signs of peritoneal irrita- 
tion appeared. At laparotomy, extensive 
small intestinal adhesions were found in 
the right lower quadrant and were lysed. 
The entire small intestine showed skip 
areas of purplish discoloration suggesting 
imminent gangrene. Because of the diffuse 
nature of the process, it was elected to re- 
explore the patient 24 hours later to permit 
clear demarcation of the gangrenous seg- 
ments. At re-exploration, the entire small 
intestine had a normal pink color with com- 
plete resolution of the dark patches seen 
the day before. The patient made an un- 
eventful recovery. 

None of the ten patients required em- 
bolectomy or small intestinal resection, al- 
though one was explored. All had a small 
intestinal series several weeks following 
embolization and the examination failed to 
show any abnormality. 


DISCUSSION 


The arteriographic alterations as shown 
in this series of patients provide an unusual 
opportunity for an în vivo demonstration of 
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Fic. 2. Selective superior mesenteric arteriogram. (4) One second from the start of injection. The main trunk 
of the superior mesenteric artery is occluded (curved arrow). Two collateral channels are activated. On the 
left a jejunal branch opacifies the primary arcades (black arrows).On the right the ileocolic artery and its 
anastomotic connection to the superior mesenteric artery are shown (white arrows). (B) Four seconds from 
the start of injection, the distal trunk of the vessel is reconstituted and the length of the embolus can be 
now precisely demarcated (broad, white arrows). An occluded ileal branch fails to opacify (black arrow- 
head). A small embolus occluding another ileal branch is shown (white arrowhead). 


the hemodynamic changes following sudden 
occlusion of the superior mesenteric artery 
and its branches. 

At the very instant of occlusion, total 
cessation of blood flow and drop in pressure 
distal to the obstruction attract all collateral 
channels to this critical central point. Col- 
lateral blood flow as seen in our patients 
was primarily directed toward the occluded 
distal superior mesenteric artery. However, 
following reconstitution of the main trunk, 
the arterial circulation was redirected along 
the most peripheral small intestinal arcades 
and into the vasa recta which supply the 
small intestine (Fig. 1). The low pressure in 
the venules in the wall of the small intestine 
now attracts the circulation. 

There are only very few illustrations in 
the literature which depict the local circula- 
tory conditions following superior mesen- 
teric artery embolization distal to its middle 
colic branch.}:2:10:15 In all instances, selec- 
tive arteriography was performed several 


hours or days following embolization. 
Analysis of these arteriograms indicates 
that the contrast material is re-routed pre- 
dominantly along the most peripheral small 
intestinal arcades, suggesting that the cir- 
culation in the larger vessels and central 
arcades is relatively sluggish. This is clearly 
demonstrated in our serial observations by 
the fact that the contrast material is re- 
tained in the distal stump of the occluded 
superior mesenteric artery for several sec- 
onds following rapid initial revasculariza- 
tion. 

The practical implication of this ob- 
servation is apparent. Stagnant flow pro- 
motes thrombosis. Formation of secondary 
thrombosis begins within several hours 
following embolization, and the distally 
advancing thrombus may sequentially oc- 
clude the orifices of jejunal and ileal ar- 
teries.°° This in turn further impairs the 
efficiency of collateral blood flow. The col- 
lateral pathways are overextended and the 
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Fic. 3. Selective superior mesenteric arteriogram. (4) Occlusion of the main trunk (white arrow) below the 
origin of the middle colic artery (MC) is shown at one second from the start of injection. The middle colic 
artery divides into its right (RMC) and left (LMC) branches. An anastomotic channel (white arrowheads) 
connects the right middle colic artery to ramifications of the occluded ileocolic artery (black arrowhead). 
Early opacification of the collateral mesenteric arcades (black arrow). (B) The distal trunk of the superior 
mesenteric artery is reconstituted by retrograde collateral flow and the length of the embolus can be de- 


marcated (arrows) within three seconds from the st 


art of injection. There is partial retrograde opacifica- 


tion of the ileal branches from the collateral arcades (arrowheads). 


resistance disproportionately rises. Thus, a 
vicious cycle is established leading to ac- 
celerated thrombosis. 

The arteriographic appearance of athero- 
sclerotic emboli differs from those described 
in this paper. Atherosclerotic emboli are 
usually multiple, vary in size, and are fre- 
quently associated with showers of choles- 
terol microemboli, which may produce a 
variety of clinical manifestations.” 

Our experience is at variance with the 
generally accepted belief that embolization 
of the main superior mesenteric artery is 
necessarily a catastrophic event requiring 
immediate surgical intervention. Small em- 
boli, even if totally occlusive, may be com- 
pletely asymptomatic, as was demonstrated 
in seven of our ten patients. Two of the 
three symptomatic patients with emboliza- 
tion just distal to the middle colic branch 
recovered on medical therapy and were 
asymptomatic 24 hours after the acute 
episode. The third patient had extensive 
small intestinal adhesions which appar- 


ently caused precarious circulation in this 
segment of the bowel. 

Detailed analysis of the experience re- 
ported by others and of our series of pa- 
tients brings out two important differences 
which apparently influence the clinical be- 
havior: (a) the absence of heart disease: 
and (b) the relationship of the embolus to 
the middle colic artery. 

The vast majority of patients reported in 
the literature who required surgery follow- 
ing embolization of the superior mesenteric 
artery had underlying heart disease, often 
of a serious degree. Most had atheroscle- 
rotic heart disease, some rheumatic heart 
disease, and others a past or recent myo- 
cardial infarction. In contrast, none of our 
patients had a past history of heart disease 
and none had cardiac problems at the time 
of examination. 

The heart and particularly the left atrium 
are the most common sources of spontane- 
ous systemic emboli. Cardiac disease, even 
well-compensated, appears to exert a pe- 


Vat. 126, No. 4 


culiar influence upon the splanchnic circu- 
lation; a marginal cardiac output renders 
the superior mesenteric territory very vul- 
nerable to additional insults. This is par- 
ticularly true in patients on maintenance 
doses of digitalis which is known to be a 
potent splanchnic vasoconstrictor. In car- 
diac patients with borderline splanchnic 
perfusion, the superior mesenteric circula- 
tion seems to react with a reflex vasocon- 
striction and circulatory embarrassment 
which are out of proportion to the size of an 
embolus. Indeed a small embolus may pre- 
cipitate an ischemic crisis. 

In our series of patients, the embolus was 
always trapped distal to the origin of the 
middle colic artery. An embolus in this lo- 
cation creates an incomparably more favor- 
able circulatory situation than does an 
embolus superior to the middle colic artery 
or a saddle embolus occluding the superior 
mesenteric and middle colic arteries simul- 
taneously." When the proximal segment of 
the superior mesenteric artery is occluded, 
the vessel is revascularized by two tenuous 
anastomotic connections: one originates in 
the celiac axis and through the pancreatico- 
duodenal arcades supplies the superior 
mesenteric trunk; the second is the well- 
known Riolan’s anastomosis connecting the 
left colic branch of the inferior mesenteric 
artery to the left branch of the middle colic 
artery. This collateral blood supply is capa- 
ble of maintaining borderline viability of 
the small intestine and the ascending and 
transverse colon for several hours.’ If the 
obstruction is not removed, however, gan- 
grene invariably ensues. Prompt diagnosis 
and surgical intervention are of crucial im- 
portance,®! 

In occlusion of the superior mesenteric 
artery below the origin of the middle colic, 
the blood pressure proximal to the obstruc- 
tion equals the systemic pressure and the 
efficient collateral circulation assures only 
a relatively moderate drop in blood pres- 
sure distal to the obstruction. 

It is for these reasons, we believe, that 
the majority of successful embolectomies, 
not requiring simultaneous segmental re- 
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Fic. 4. Selective superior mesenteric arteriogram. 
Extensive peritoneal adhesions cause deviation of 
the jejunal vessels to the right (closed black ar- 
row). The ileal branches are retracted caudally and 
medially (open black arrow). The length of the 
embolus in the distal superior mesenteric artery is 
demarcated (white arrows). 


section of the small intestine, were per- 
formed in patients with an embolus lodged 
distal to the middle colic artery." 

Vasoconstriction both proximal and dis- 
tal to the site of embolization has been 
noted in several cases of emboli to the su- 
perior mesenteric artery.”:> However, it was 
not observed in our patients. This phe- 
nomenon is apparently a neural reflex which 
requires some time to appear. Vasoconstric- 
tion of the large and small intestinal arteries 
is an ominous sign, since it may effectively 
interfere with the efficiency of collateral 
blood flow independently of the location of 
the embolus. Stagnant flow distal to the ob- 
struction in turn promotes development of 
secondary thrombosis along the distal 
trunk of the superior mesenteric artery. 

In the past, paravertebral and epidural 
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spinal anesthesia was employed to eliminate 
the effects of arterial vasoconstriction. Re- 
cently, a new technique of intra-arterial in- 
fusion of papaverine has been successfully 
employed. This method appears to be very 
effective in eliminating the deleterious ef- 
fect of arterial vasoconstrictions."4 


Adam Lande, M.D. 
Department of Radiology 
Metropolitan Hospital 
1901 First Avenue 


New York, New York 10029 
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PARTIAL MESENTERIC ARTERIAL OCCLUSION WITH 
SUBSEQUENT ISCHEMIC BOWEL DAMAGE DUE 
TO PITRESSIN INFUSION* 


By CAMERON ROBERTS, M.D., and FRANK E. MADDISON, M.D. 


MILWAUKEE, WISCONSIN 


| early experimental and clinical ex- 

perience, Baum, Nusbaum, and Blake- 
more infused the superior mesenteric ar- 
tery (SMA) with Pitressin to control 
variceal bleeding. They found no evidence 
for ischemic sequelae.!*® Other authors 
reported no ischemic complications,’:* and 
such complications remained a theoretical 
consideration only until 1972, when one 
case of mesenteric venous thrombosis and 
jejunal infarction secondary to Pitressin in- 
fusion was reported.’ Also in that year, a 
case of extensive ischemic damage to the 
small bowel after Pitressin infusion was 
reported, but this case was complicated by 
pre-existing severe atherosclerosis of the 
mesenteric arteries. Then in 1974, two 
cases of total thrombosis of the SMA and 
portal veins in patients who had received 
Pitressin were reported.?, However, these 
diagnoses were made at autopsy. We be- 
lieve this is the first report of an ante 
mortem diagnosis of ischemic bowel dam- 
age secondary to Pitressin infusion for con- 
trol of variceal bleeding. 


REPORT OF A CASE 


A 63 year old white female with a five year 
history of known chronic active hepatitis was 
admitted after awakening at home to find a 
clot of blood in her mouth. The patient denied 
recent or remote hematemesis, melena, or ab- 
dominal pain. Current medications were 2-3 
tablets of Anacin daily. She gave no history of 
excessive alcohol intake. 

On examination, the patient was alert and 
cooperative, in no acute distress. Peripheral 
arterial pulse was 80/min, blood pressure was 
140/90 mm Hg. The abdomen was not tender, 
with active bowel sounds. The liver was 
palpable 3 cm below the right costal margin. 


The admission hematocrit value was 36 per- 
cent, and the prothrombin time was 13.5 sec 
(control 12 sec). 

A nasogastric tube was inserted into the 
stomach and returned bright red blood. Emer- 
gency endoscopy shortly after admission 
showed large esophageal and gastric varices as 
well as gastritis. Two of the gastric varices were 
actively bleeding. Angiography by Seldinger 
technique using a 7 Fr polyethylene C-shaped 
catheter for the celiac axis and SMA injections 
demonstrated splenomegaly and gastric varices. 
No bleeding site was identified (Fig. 1). Supe- 
rior mesenteric arterial infusion with 0.2 units/ 
min of Pitressin was initiated. After 20 minutes, 
a repeat superior mesenteric arteriogram 
showed marked constriction (Fig. 2). The 
infusion rate was not, therefore, increased. 
However, when heavy bleeding persisted de- 
spite a Sengstaken-Blakemore tube, the infu- 
sion was increased first to 0.3 units/min, then 
to 0.4 units/min. After Pitressin had been 





Fic. 1. Initial superior mesenteric arteriogram before 
vasopressin infusion, demonstrating normal ar- 
terial anatomy. 


* From the Department of Radiology, The Medical College of Wisconsin, Milwaukee County General Hospital, Milwaukee, Wis- 


consin. 
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Fic. 2. Repeat superior mesenteric arteriogram after 
a 20 minute infusion of Pitressin at 0.2 units/min, 


showing marked constriction of all arterial 


branches. 


administered continuously for 48 hours, the 
bleeding stopped and vital signs were stable. 

The Pitressin infusion was continued at a rate 
of 0.2 units/min for 32 more hours, after which 
the catheter was kept open with D;W. At no 
time were systemic vasopressors given. 

Approximately ten hours after Pitressin in- 
fusion had been discontinued, the patient be- 
came hypotensive and was found to have a dis- 
tended, silent abdomen. Because mesenteric 
infarction was suspected, repeat superior 
mesenteric arteriography through the infusion 
catheter was performed twelve hours after 
Pitressin infusion was discontinued. A thrombus 
occluding 75 percent of the lumen of the main 
trunk of the SMA was discovered immediately 
distal to the tip of the catheter (Fig. 3). In 
addition, the distal branches of the superior 
mesenteric artery continued to be significantly 
constricted. Attempts to aspirate the thrombus 
failed. After removing the infusion catheter, an 
aortogram via the opposite femoral artery 
showed no change in the appearance or location 
of the thrombus. No emboli in the distal supe- 
rior mesenteric arterial branches or the renal 
arteries were seen. 

Laparotomy revealed no mesenteric arterial 
pulses. A 0.5X2 cm thrombus was removed 
from the proximal SMA. Subsequently, peri- 
stalsis and arterial pulsations resumed. The 
proximal jejunum, which had initially appeared 
severely ischemic, improved markedly in color. 
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Two small areas of the ileum appeared to be 
necrotic, so 24 hours later repeat laparotomy 
was performed. The superior mesenteric ar- 
terial pulse was strong, and the proximal 
jejunum was normal. One of the possible ileal 
infarctions stall appeared non-viable and was 
plicated. Postoperatively the patient developed 
an adult respiratory distress syndrome. Liver 
and renal functions gradually deteriorated and 
the patient died on the 16th day postopera- 
tively. Permission for autopsy was refused. 


Comment. No reported incidence of small 
bowel ischemia following Pitressin infu- 
sion has been diagnosed in a living pa- 
tient. The events documented, if left un- 
diagnosed, might have progressed to total 
thrombosis of the SMA and portal vein. 
Berardi? reported such an occurrence and 
suggested that arteriography be done in all 
patients receiving intra-arterial Pitressin 
prior to removal of the catheter, or if clini- 
cal evidence for bowel ischemia develops. 
The fact that this condition has not been 
widely reported implies that it rarely oc- 
curs. Nevertheless, the possibility of ar- 
terial thrombus formation in patients re- 





Superior mesenteric arteriogram after 33 
days of Pitressin infusion, showing thrombus for- 
mation in the main trunk of the superior mesen- 
teric artery and constriction of its branches. 


FIG. 3. 


VoL. 126, No. 4 


ceiving SMA infusion should be investi- 
gated, to avoid discharging patients who 
have unsuspected arterial thrombi that 
could progress to significant SMA occlu- 
sion. Also, the risk of causing ischemic 
bowel damage must be considered before 
increasing the rate of Pitressin infusion 
when bleeding continues. 


Cameron Roberts, M.D. 
Department of Radiology 

The Medical College of Wisconsin 
Milwaukee County General Hospital 
8700 West Wisconsin Avenue 
Milwaukee, Wisconsin 53226 
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RADIONUCLIDE IMAGING IN SKELETAL 
INFLAMMATORY AND ISCHEMIC 
DISEASE IN CHILDREN* 


By MASSOUD MAJD, M.D.,f and ROBERT S.°8FRANKEL, M.D.t 
WASHINGTON, D. C. 


ABSTRACT: 


Sixty-five children were evaluated for presence of skeletal inflammatory and 
ischemic disease with bone scans and roentgenograms. Several characteristic scinti- 
graphic patterns were observed. Bone scans were significantly more sensitive than 
roentgenograms in early diagnosis of osteomyelitis and its differentiation from cel- 
lulitis, septic arthritis, and bone infarction. 

The child presenting with possible inflammatory bone disease now is benefited 
by this important refinement in diagnosis. Faced with the difficult dilemma of 
choosing appropriate therapy in these frustratingly similar problems, the physician 
can integrate the clinical findings with nuclear imaging to arrive at early appropriate 


diagnosis and management. 


HE early detection of osteomyelitis 

and its differentiation from cellulitis, 
bone infarction, or both, is of paramount 
importance because of significant differ- 
ences in management of these entities. 
Acute osteomyelitis is still treated with a 
minimum of three weeks of high dose in- 
travenous antibiotic therapy, whereas the 
treatment of cellulitis is significantly less 
rigorous. Bone infarction in the patients 
with sickle cell disease may be treated with 
hydration alone. 

The need for early, adequate treatment 
of osteomyelitis is obvious in order to pre- 
vent the sequellae which may result in de- 
formity of the involved limb. Clinical pre- 
sentation and laboratory findings of osteo- 
myelitis may be quite similar to those of 
cellulitis or bone infarction. Since roent- 
genographic changes of acute osteomyelitis 
do not usually appear until 10-14 days fol- 
lowing the onset of symptoms,® it is im- 
portant to have available an alternative 
means of determining the presence of bone 
infection in its earliest stage. 

Bone scanning is significantly more sensi- 


tive than roentgenographic studies in the 
detection of skeletal lesions in their earliest 
stages.”*%7 With the introduction of sev- 
eral phosphate compounds tagged with 
g9mTc! 810 and resultant decrease in radia- 
tion dose, it is now possible to use skeletal 
scintigraphy routinely in children in the in- 
vestigation of suspected inflammatory and 
ischemic bone lesions. 


MATERIAL AND METHOD 


Sixty-five children were studied with 
bone scans because of difficulty in differ- 
entiating osteomyelitis from septic ar- 
thritis, cellulitis and bone infarction, on 
the basis of the clinical and roentgenolog- 
ical findings. The patients ranged in age 
from 8 days to 16 years and all presented 
with one or more of the following symp- 
toms related to a specific skeletal region: 
pain, tenderness, local increased heat, 
erythema, and clinically evident soft tissue 
edema. In the majority of the patients, 
roentgenograms of the involved area were 
obtained at the time of admission and skele- 
tal scintigraphy was performed within the 


* Presented at the 22nd Annual Meeting of the Society of Nuclear Medicine, Philadelphia, Pennsylvania, June, 1975. 
From the Departments of Radiology, The Children’s Hospital National Medical Center and the George Washington University, 


Washington, D. C. 
t Associate Professor of Radiology and of Pediatrics. 
t Resident in Radiology. 
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frst 24 hours. A few of the patients had 
more than one bone scan. 

The scans were done following the injec- 
tion of 200 uci/Kg body weight of ggmTc 
diphosphonate. Studies wereeperformed on 
a Picker Dyna Camera 2C using a 10,000 
parallel hole collimator. In the pelvic area, 
spine, hands, and feet, a pinhole collimator 
was frequently used for better detail. Occa- 
sionally rectilinear scans were obtained on 
a 5” Picker Magna Scanner. Most patients 
had immediate postinjection (vascular 
phase) scans of the affected area and con- 
tralateral limbs. Two to four hours later, 
-otal body scans were obtained, with spe- 
cial attention to the affected area and 
opposite limb. 

For purposes of this retrospective clinical 
study, all scans and roentgenograms were 
‘nterpreted independently by one of us 
without knowledge of clinical or laboratory 
data. 


RESULTS 


Osteomyelitis: Twenty-three patients 
were classified as having osteomyelitis (20 
acute and 3 chronic) based on the usual 
clinical course plus either one or a combina- 
tion of the following findings: (1) positive 
bone marrow aspirate; (2) positive blood 
culture(s); and (3) initial or subsequent 
compatible roentgenograms of the affected 
area. Table 11 summarizes the data in the 
20 cases of acute osteomyelitis. Of the 17 
Black patients in this group, there was one 
child with sickle cell (SS) disease and an- 
other with sickle cell (SC) disease. The 
duration of symptoms was from one to 
seven days. Three patients had chronic 
forms of osteomyelitis (Table 1). Six pa- 
tients, including the three cases of chronic 
osteomyelitis initially had abnormal roent- 
genograms. The remaining 17 patients had 
normal roentgenograms at the time of the 
scan, but seven of these subsequently de- 
veloped roentgenologic changes of osteo- 
myelitis during therapy (Fig. 2). Ten pa- 
tients did not develop roentgenologic 
changes, but nine of these had positive 
bone aspirates, or blood cultures, or both 
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TABLE | 
CLASSIFICATION OF CASES ACCORDING 
TO DISCHARGE DIAGNOSIS 
Osteomyelitis 23 
acute 20 
Brodie’s abscess I 
chronic sclerosing osteomyelitis I 
chronic active suppurative osteo- 
mvelitis I 
Cellulitis 22 
Bone Infarct 8 
Septic Arthritis 7 
Normal 5 
Total 65 





(Table 11). The remaining patient had no 
other documented evidence of osteomyeli- 
tis, but was treated because of the scan 
findings and a strong clinical suspicion in- 
cluding a persistently elevated erythrocyte 
sedimentation rate, a finding not usually 
associated with cellulitis. 

All of these children had abnormal scans 
suggesting the diagnosis of osteomyelitis, 
although one patient required a follow-up 
scan one week after the onset of symptoms 
to make the diagnosis. The typical scan 
pattern in these patients consisted of in- 
creased activity in the soft tissue and bone 
on the immediate postinjection image, and 
intensely increased focal uptake in the bone 
on the delayed scan, with or without in- 
creased activity in adjacent soft tissues or 
joint (Fig. 1; and 3). 

Cellulitis: ‘Twenty-two patients were 
classified as having cellulitis on the basis 
of subsequent clinical course and failure of 
laboratory and roentgenologic findings to 
indicate osteomyelitis. One patient had 
sickle cell (SC) disease. The duration of 
the symptoms ranged from two days to one 
month. H. influenzae was cultured from the 
blood in one patient whose clinical course 
was not typical of osteomyelitis. Blood 
cultures in the remaining 21 patients were 
negative. In this group, the roentgeno- 
grams revealed soft tissue swelling in all 
instances. 

All patients had characteristic scan pat- 
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Fic. 1. Osteomyelitis. (4) Anterior immediate postinjection image of the legs demonstrating diffuse increased 
activity on the right with definite increased activity in the right tibia. (B) Delayed image of the legs dem- 
onstrating increased uptake in the proximal 2/3 of the right tibia. 


terns. The immediate postinjection scans 
showed increased activity diffusely in the 
soft tissues with no focal increased activity 
in the bone. Delayed scans were either nor- 
mal (Fig. 5) or showed slightly increased 
activity in the soft tissues without focal 
increased uptake in the bone (Fig. 6). 
Bone Infarction in Sickle Cell Disease: 
Fight patients with sickle cell disease (7 


SS and 1 SC), were classified as having 
bone infarctions on the basis of clinical 
response to treatment for sickle cell crisis. 
The duration of symptoms was one to four 
days. All patients had negative blood cul- 
tures. One patient had a bone marrow 
aspirate, revealing necrotic marrow with a 
negative culture. The roentgenograms 
showed non-specific soft tissue swelling in 


TABLE II 


X-RAY AND LABORATORY FINDINGS IN 20 CASES OF ACUTE 
OSTEOMYELITIS WITH POSITIVE BONE SCANS 
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X-Ray 


Initial Abnormal Roentgenogram 


Initial Normal Roentgenogram, but Became 
Abnormal 7-14 Days Later 


Roentgenogram Remained Normal 


No. of Blood Bone Marrow 
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five patients. One of these also showed 
chronic changes of previous infarctions. 
The roentgenograms were normal in the 
remaining three. 

All patients had abnormal scans. Four of 
these patients had decreased*bone uptake 
in the symptomatic area (Fig. 7): Two pa- 
tients showed a non-homogentous spotty 
uptake in the involved bone. The other two 
cases showed a localized area of increased 
uptake on delayed scans, indistinguishable 
from osteomyelitis. In these two patients, 
however, early scans did not show increased 
activity as described in cases of osteomy- 
elitis. .- 

Septic Arthritis: Seven patients were 
classified as having septic arthritis on the 
basis of a positive joint aspirate. None 
had sickle cell disease. The duration of 
symptoms was one day to two months. One 
patient had a positive blood culture for 
beta hemolytic streptococcus. The remain- 
ing six had negative blood cultures. Roent- 
cenograms revealed joint effusion in five 
patients and were normal in two. 

The scans were abnormal in all instances. 
The pattern was that of increased activity 
in the joint on both immediate and delayed 
scans without extension into bone (Fig. 9). 
One case of septic arthritis in the hip 
showed decreased activity. 

Normal: Five patients who presented 
primarily with pain were classified as nor- 
mal on the basis of completely negative 
clinical and roentgenologic evaluation and 
early clearing of symptomatology. These 
all had normal scans. 


DISCUSSION 


From this experience, several general 
scintigraphic patterns were observed in the 
various populations that we studied. As 
noted before, the typical scan pattern of 
osteomyelitis was that of increased activity 
in the soft tissue and bone on the immedi- 
ate postinjection scan and intensely in- 
creased uptake in bone on the delayed scan, 
the extent of which is probably related to 
the phase of the disease and the degree of 
hyperemia. The identification of a definite 
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Fic. 2. Osteomyelitis in Sickle Cell Disease. (4) 
Initial roentgenogram of the left arm of this six 
year old Black girl with known sickle cell (SS) dis- 
ease and multiple previous crises shows deep soft 
tissue swelling and evidence of previous infarcticns 
but no definite evidence of acute osteomyelitis. 
(B) Delayed scan performed the same day shows 
intense homogeneous increased uptake in the en- 
tire shaft of the humerus diagnostic of acute osteo- 
myelitis. (C) Roentgenogram obtained three 
weeks later shows periosteal new bone formation 
involving almost the entire shaft of the humerus. 
The soft tissues have returned to normal. 
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Fic. 3. Osteomyelitis. (4) Anterior delayed pelvic image shows 
no definite abnormal uptake. (B) Repeat scan performed one 
week later, because of persistent symptoms, shows a sug- 
gestion of increased uptake (arrow) in the right pubic bone 
but this could not be definitely differentiated from bladder 
activity. (C) Pinhole collimator view of the area in question, 
clearly separates bladder activity (straight arrow) from ab- 
normal uptake in the right pubic bone (curved arrow). 





Fic. 4. Osteomyelitis. (4) Immediate postinjection lateral scan of a patient with osteomyelitis of the distal 
metaphysis of the left tibia, shows marked increased activity in the leg, ankle, and foot. (B) Delayed scan 
shows increased uptake in the tibia consistent with osteomyelitis. There is also increased activity in the 
foot and ankle (extra-lesional uptake). The patient had no clinical nor other evidence of osteomyelitis of 
the foot. 
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Fic. 5. Cellulitis. (4) Immediate postinjection scan of the legs shows increased activity on the 
right with no localization in bone. (B) Delayed scan is normal. 


focal area of increased uptake in the bone 
is an important feature in osteomyelitis 
and a useful point in its differentiation 
from cellulitis without osteomyelitis. These 
findings are similar to those described by 
others.” 

Ten of the 20 cases of acute osteomyelitis 
had initial and subsequent normal roent- 
genograms of the affected area (Table 11). 
Nine of these had positive bone marrow 
aspirates or blood cultures or both. This 
proves that with early and adequate treat- 
ment roentgenographic changes of osteo- 
myelitis may not develop. 

In some cases of osteomyelitis and cellu- 
litis of the leg there is marked generalized 
increased activity in the foot which is not 
localized to any bone. Figure 4 is a good 
example of this “extended” or “extrale- 
sional” uptake in the foot of a ten vear 
old white girl with proved osteomyelitis 
of the distal metaphysis of the left tibia. 
There was no initial nor subsequent evi- 


dence of osteomyelitis in the foot. This ab- 
normal radionuclide deposition has been 
reported in a variety of benign and ma- 
lignant diseases of bone.’ Its pathogenesis 
is not clear. Probably it is related to re- 
gional hyperemia. 

The patient illustrated in Figure 3 em- 
phasizes a technical point. This five year 
old boy presented with a one day history of 
fever, pain, and other clinical findings in- 
dicative of a disease process in the vicinity 
of the right hip. The roentgenogram of the 
pelvis was normal. The bone scan (Fig. 
34) was also interpreted as normal. On this 
basis the patient was not treated. Due to 
persistence of symptoms, a repeat bone 
scan was performed after one week (Fig. 
3B). There was a suggestion of increased 
uptake in the right pubic bone, but this 
could not be definitely distinguished from 
the bladder activity. A pinhole collimator 
view of the area was then obtained for 
better detail (Fig. 3C). This clearly sepa- 
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Fic. 6. Cellulitis. Delayed scan of the right arm 


rates the bladder activity from abnormal 
bone uptake. The first scan was performed 
without the use of a pinhole collimator, 
possibly explaining the false negative re- 
sult. The pinhole collimator has proved to 
be extremely valuable in imaging the pelvic 
bones, spine, hips, and small bones of the 
hands and feet. 

Since completion of this study we have 
observed a case of acute osteomyelitis of 
the talus with decreased uptake of the 
radionuclide. This was associated with 
septic arthritis of the ankle joint. General 
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shows diffusely increased activity 
not localized to bone. 


poor blood supply to the talus and in- 
creased pressure in the joint due to associ- 
ated septic arthritis may explain the reason 
for decreased uptake in this case. 

In cellulitis, the early postinjection scans 
showed increased activity diffusely in the 
soft tissue with no focal increased activity 
in the bone. Delayed scans were either 
normal (Fig. 5) or showed slightly in- 
creased activity in soft tissues without 
localization in the bone (Fig. 6). In this 
group, bone scan proved particularly help- 
ful in the exclusion of osteomyelitis, a 


VoL. 126, No. 4 
difficult differential diagnosis on the basis 
of usual clinical and roentgenographic 
findings. Prolonged high dose intravenous 
antibiotic therapy was thus avoided. All pa- 
tients in this group demonstrated complete 
clinical recovery with the usua? therapeutic 
regimen for cellulitis. 

The scan pattern of bone infarction in 
patients with sickle cell disease appears to 
depend on the duration of the lesion. In the 
early stages, probably the first two to three 
days after an ischemic insult, the scan 
shows decreased uptake in the affected 
area. During this time bone blood flow 1s 
decreased and reactive hyperemia and new 
bone formation has not yet begun (Fig. 7). 
Later, the scan may show a localized area 
of increased uptake indistinguishable from 
osteomyelitis (Fig. 84). The use of early 
postinjection scanning (Fig. 88) may be 
helpful in differentiating the two entities. 
In this material the early postinjection 
scan in patients with bone infarction did 
not show the typical increased activity 
seen in osteomyelitis (Fig. 14; and 88). 

Although we have not performed Gal- 
lium-67 citrate scintigraphy in this group 
of patients, this technique may be of use in 
differentiating acute osteomyelitis from 
acute bone infarction since Gallium-67 
citrate probably does not localize in in- 
farction but is avidly concentrated by 
osteomyelitis.’ 

In septic arthritis the scan pattern is 
similar to cellulitis. It usually shows in- 
creased activity in the joint on both early 
postinjection and delayed scans without 
extension into the bone (Fig. 9). One case 
of septic arthritis of hip in our series 
showed decreased activity in the area of the 
joint probably due to decreased blood 
flow to the area secondary to increased 
intracapsular pressure. In this particular 
patient there were no initial nor subsequent 
evidence of osteomyelitis. 


Massoud Majd, M.D. 
‘Children’s Hospital NMC 
2125 13th Street, Northwest 
Washington, D. C. 20009 
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Fic. 7. Infarction. (4) Immediate postinjection scan 
shows decreased activity in the right proximal 
tibia (arrow). (B) Delayed scan shows decreased 
uptake in the same location. 
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Fic. 8. Infarction. (4) Delayed scan shows marked increased uptake in the right proximal tibia, indistinguish- 
able from acute osteomyelitis. (B) Immediate postinjection image fails to reveal typical increased activity 


seen in osteomyelitis. 
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Fic. 9. Septic Arthritis. (4) Immediate postinjection scan shows increased activity in the left knee joint. 
(B) Delayed scan shows increased activity localized to the joint on the left with no extension into adjacent 


bones. 
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“DOUGHNUT” SIGN IN BRAIN SCANNING* 


By YAVUZ A. TARCAN, M.D.,t WILLIAM FAJMAN, M.D. t 
JOSEPH MARC, M.D.,§ and DAVID BERG, D.O.| 
ATLANTA, GEORGIA 


ABSTRACT: 


The significance of the “doughnut” sign at present is relegated to characterizing 
the morphology of a lesion. The use of the “doughnut” sign in differential diagmosis 
should not be attempted except in specific clinical contexts, and never excluding 
other evidence. The “doughnut” sign in scanning together with other studies such 
as angiography and computerized axial tomography gives additional characterizing 
data in the neuroradiologic evaluation of a patient. 


Te “doughnut” sign in brain scanning 
was first described in 1968 by Gott- 
schalk eż al! using high resolution appa- 
ratus and Technetium ggm. In his series, 
eight cases of 80 (ten percent) showed a 
central area of diminished radioactivity. 
There were four glioblastomas, one cystic 
astrocytoma, two abscesses, and one me- 
tastasis. O’Mara et a/.*4 reported a second 
series of patients shortly thereafter, in 
which they observed the “doughnut” sign 
in seven of 237 positive brain scans (2.9 
percent). The pathologic conditions show- 
ing the “doughnut” sign included one ab- 
scess, three metastases, one meningioma, 
one intracerebral hematoma, and one cere- 
brovascular occlusion. Since these early 
studies, the “doughnut” sign has been re- 
ported in other lesions including subdural 
hematomas, an acoustic neuroma, and 
even a cephalohematoma,‘ establishing 
further the nonspecificity of this sign. 
Our experience with the “doughnut” sign 
consists of 27 cases collected since 1970 in 
more than 300 positive brain scans (nine 
percent), consisting of three abscesses, four 
infarctions, eight tumors, four skull metas- 
tases, two subdural hematomas, and six 
metastatic lesions to the brain (Table 1). A 
review of the “doughnut” sign is presented 
and correlated with angiography, pathol- 


Skull Lesions — — 


ogy, and in some cases computerized axial 
tomography (CAT) in an attempt to re- 
evaluate its significance in the neuroradio- 
logic evaluation of a patient. 


INFLAMMATORY DISEASE 


The “doughnut” sign has been reported 
most frequently in the literature in associa- 
tion with inflammatory disease.7:1!:1227—30,33 
The rate of detection of abscess is high. In a 


TABLE Í 


THE INCIDENCE OF “DOUGHNUT” SIGN 
IN POSITIVE BRAIN SCANS 





Gott- ; Tarcan 
schalk |O Mara | g al. 
“Doughnut” 
Sign per 8.80 7/237 | 27/301 
Positive 10% 2.9% 9% 
Brain Scan 
Glioblastoma 50% — 20% 
Astrocytoma 12.5% ~- 10% 
Meningioma — 14.3% 10% 
Cerebral Metastases | 12.5% | 43% 22% 
Cerebral Abscess 25% | 14.3% | 10% 
Cerebral Infarction — 14.3% | 10% 
Cerebral Hemorrhage — 14.3% — 
Subdural Hematoma — — 7.5% 
10% 





* Presented at the Seventy-sixth Annual Meeting of the American Roentgen Ray Society, Atlanta, Georgia, September 30-October 


3» 1975. 


From the Department of Radiology, Division of Nuclear Medicine, Emory University School of Medicine, Atlanta, Georgia. 
t Director of Nuclear Medicine, Emory University—Grady Memorial Hospital. 


t Senior Resident in Radiology and Nuclear Medicine. 


§ Director Neuroradiology of Grady Memorial Hospital—Emory University. 


|| Fellow in Neurovascular Radiology. 


842 


VoL. 126, No. 4 


review of the literature Suwanwela and 
associates found 180 reported cases of 
abscess of which 163 had positive brain 
scans. The same author cites 15 subdural 
abscesses, all of which had positive brain 
scans. Although the detectabiliey of abscess 
is high, observation of the “doughnut” sign 
is apparently uncommon, reportedly ob- 
served in no cases!’ to five of 16 cases.?® 
Although the “doughnut” sign is nonspe- 
cific, some authors’:*® state that within the 
context of inflammatory disease a “dough- 
nut” sign is pathognomonic of abscess. 
Moreover, if a “doughnut” sign appears on 
sequential scans of a lesion, the lesion 1s 
progressing. Conversely, loss of the “dough- 
nut” sign in sequential scans indicates re- 
sponse to therapy. 

When inflammatory disease is known to 
be present the differential diagnosis must 
include herpes encephalitis and focal cere- 
britis. Both of these lesions are known to 
take up the radionuclide, but are noted to 
have more irregular margins than an ab- 
scess and will not demonstrate the “dough- 
nut” sign.?? A well marginated lesion with 
homogeneous radioactivity may be an ab- 
scess, but one with a “doughnut” sign is 
most assuredly an abscess.?? 





. € a. 
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Epidural and subdural abscesses have 
exhibited almost uniformly positive brain 
scans. The “doughnut” sign has not been 
previously reported in epidural abscess, 
but we have observed it in one case 

Cerebral angiography is also often non- 
specific for cerebral abscess. Areas of ab- 
scess may present as lucent areas in the late 
arterial and capillary phases (Fig. 18). A 
hypervascular rim or crescent may be pres- 
ent and is highly suggestive, but is ob- 
served in less than 20 percent of cases.”8 
The lesion may present only as a mass. In 
lesions larger than 1 cm the brain scan is 
almost always densely positive, may be 
more localizing, and at times 1s positive be- 
fore the angiogram shows any abnormal- 
ity." The computerized axial tomogram 
may show an abscess as an area of dimin- 
ished density? (Fig. 2, Æ-C). 

The pathologically demonstrable capsule 
of the abscess with its surrounding neo- 
vascularity® would explain the localization 
of both radioactivity and angiographic con- 
trast medium. It has been demonstrated 
that the ratio of isotope in the capsular re- 
gion to that of the encapsulated liquid is 
approximately six to one.’ Subdural abscess 





4 
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none 


Fic. 1. This twelve year old boy presented with scalp cellulitis and frontal headache. The brain scan (4) 


showed a “doughnut” sign in the left frontal lobe (arrows). An angiogram (B) showed displacement of cor- 
tical veins from the skull table (arrows) and an air fluid level (arrowheads). Epidural abscess was confirmed 
at surgery. 
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Fic. 2. This 46 year old diabetic developed headache and subsequent seizures. Physical examination revealed 
a stiff neck, left homonymous hemianopsia, decreased left corneal reflex, but no papilledema. The brain 
scan (4) revealed a right occipital “doughnut” sign. Angiography (B) showed a relatively avascular mass 
with the suggestion of a “vascular” blush (short arrows) in the right occipital lobe. The CAT scan (C) 
showed the lesion to be of diminished absorption surrounded by a ring of increased absorption. An abscess 
was surgically drained. 


showed similar findings. This accounts for 
the “doughnut” appearance. 


NEOPLASM 


The “doughnut” sign has been described 
in multiple different tumors, both primary 
and metastatic. Glioblastomas," cystic as- 
trocytomas, meningiomas,” and an acous- 
tic neuroma”? have been previously re- 
ported. A variety of metastatic lesions has 
been noted to demonstrate the “doughnut” 
sign 13:24 

Meningiomas usually show very dense 
homogeneous concentration of radioactiv- 
ity. The majority show rapid uptake of 
radioactivity early in the cerebral isotope 
angiogram indicating their vascularity. 
Early static as well as three to four hour 
delayed scans show dense uptake. We have 
observed the “doughnut” sign in three 
cases (Fig. 3, 4-C). The meaning of this 
sign in meningioma is not clear since areas 
of hemorrhage-.or necrosis are not a con- 
sistent finding in meningiomas pathologi- 
cally» 

Angiographically, meningiomas typically 
have a dual arterial supply (external and 
internal carotid), uniform caliber vessels, 


and persistent dense stain. If selective 
carotid injections are performed it may 
show areas of lucency due to washout by 
the nonopacified vessels.” 

The pathophysiology of meningiomas in- 
cluding encapsulation, edema in the sur- 
rounding brain, bony reaction, or invasion, 
all could explain the uptake of radioisotope. 
The appearance of the “doughnut” sign 
may be the result of preferential uptake in 
any of these areas or could possibly be the 
result of timing differences between the 
dual arterial circulation (Fig. 4, 4 and B). 

In astrocytomas a pattern of slowly in- 
creasing uptake throughout the cerebral 
radioisotope angiogram is usually seen. The 
well differentiated astrocytomas typically 
show low radioactivity. In astrocytomas 
the “doughnut” sign may be prominent 
and is attributable to a cystic component. 

The more malignant Grade Iv astro- 
cytomas (glioblastomas) may show a simi- 
lar pattern, but usually with greater radio- 
activity. The “doughnut” sign may be ob- 
served in this lesion, also, apparently more 
commonly than in the less malignant astro- 
cytomas (Table 1). The degree of radio- 
activity and the frequency of the “dough- 
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nut” sign, thus appear to increase with in- 
creasing malignancy of these tumors (Fig. 
5, 4 and B). Most authors state that these 
tumors become more homogeneous over 
time, suggesting diffusion of isotope into 
cystic areas (Fig. 6, Z and B). 

Angiographically, the more benign as- 
trocytomas typically present as avascular 
masses. The more malignant types all may 
both stain and show relatively stain free 
areas (Fig. 6C). Neovascularity with “tu- 
mor” vessels is classically observed. Early 
draining veins are common. 

The computerized axial tomogram may 
show the tumor as one or more areas of de- 
creased density surrounded by areas of in- 
creased density (Fig. 7, 7—-C). 
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Fic. 3. This 52 year old with a history of in- 
creasing lethargy, frontal headaches and 
inappropriate behavior had a brain scan 
(4) which showed a frontal “doughnut” 
sign (arrows) on the gamma camera image. 
The delayed rectilinear scan (B) showed no 
“doughnut” sign, which may be the result 
of difusion of isotope into hemorrhagic or 
necrotic areas. The angiogram (C) shows 
classic findings of meningioma with prom- 
inent external carotid supply. The menin- 
gioma was surgically excised. 


Clear fluid filled cysts, observed patho- 
logically, apparently result in the “dough- 
nut” sign in astrocytomas. The Grade Iv 
astrocytomas exhibit areas of necrosis, 
hemorrhage and cyst formation” which 
would explain the “doughnut” sign in these 
tumors. 

Metastases defy any strict classification 
in respect to pattern in cerebral radioiso- 
tope angiography.!! The majority behave 
like astrocytomas. On static scans, metas- 
tases may appear as single or multiple areas 
of increased radioactivity. The “doughnut” 
sign has been reported in metastases from 
carcinoma of the breast and lung.” We 
have observed the “doughnut” sign in a 
case of malignant melanoma (Fig. 8, 4 
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Fic. 4. This 42 year old alcoholic female presented with focal seizures involving the right face. Physical 
examination showed a central facial weakness on the right and perseveration aphasia. The brain scan (4) 
revealed a left frontoparietal “doughnut” sign. The angiogram (B) showed (arrows) classical findings of 
meningioma. The middle meningeal artery supply appears to enter in the region of the clear area on the 
scan, suggesting circulatory differences as the cause of the “doughnut” sign in this case. 





and B) and in metastatic medulloblastoma 
(Fig. 94). The “doughnut” sign is probably 
due to necrosis in metastatic lesions. 
Melanoma, however, may cause bleeding 
around the metastasis’? and the scan may 
reflect this intracerebral hemorrhage, at 
times, rather than the tumor itself. 


areg 
: 


marre 
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The angiographic appearance of metas- 
tases is also variable: tumor vessels, a 
peripheral blush, or meningeal vessels all 
may be demonstrable in varying degrees. 

The computerized axial tomogram may 
show the metastasis as an area of increased 
density or a cystic area (Fig. 9B). 


[j 





Fic. 5. This 66 year old male was admitted with a history of right hemiparesis and aphasia thought to be sec- 
ondary to a cerebral vascular accident. The brain scans (4 and B) showed a “doughnut” sign in the left pa- 


rietal region. Angiography showed only an avascular 


mass. Glioblastoma multiforme was proved by biopsy. 


Vou. 126, No. 4 





CEREBRAL INFARCTION 


Cerebral infarction has exhibited the 
“doughnut” sign on brain scan.” We have 
seen this in four cases. Ancillary findings 
such as decreased flow to the area on cere- 
bral radioisotope angiography are impor- 
tant in diagnosis. The timing of examina- 
tion after clinical symptoms appear is 1m- 
portant, since up to 75 percent of infarc- 
tions show uptake of radioactivity after 
the first week. The distribution of radioac- 
tivity may be a wedge shaped pattern in 
the distribution of a particular vessel, but 
atypical configurations occur imcluding 
the “doughnut” sign (Fig. 10, 4 and B). 

Angiographically, a decreased staining 
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Fic. 6. This 59 year old male presented with 
disorientation and aphasia, and eventually 
manifested right leg weakness. Physical ex- 
amination revealed positive grasp and snout 
reflexes on the right. A rectilinear brain scan 
(A) showed a “doughnut” sign in the mid- 
frontal region. A delayed gamma camera 
scan (B) failed to show this sign, possibly 
because of diffusion. The angiogram (C) 
showed a prominent “blush” around an area 
of decreased stain. This proved to be a glio- 
blastoma with prominent hemorrhagic areas. 


during the parenchymal phase or an in- 
creased stain (luxury perfusion) may be 
observed. We have not seen an angio- 
graphic “doughnut” sign in cerebral 1 
farction. 

The pathologic findings of phagocytic 
cells surrounding an area of softening and 
necrosis, seen after seven days,” would ex- 
plain the “doughnut” appearance on the 
scan. 


INTRA- AND EXTRACEREBRAL BLEEDING 


The “doughnut” sign has been reported 
in intracerebral hematoma,” but we have 
not observed it in this Gian, 

Subdural hematomas are known to give 
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Fic. 7. This twelve year old with previously excised cystic astrocytoma returned after three years with recur- 
rent symptoms. The brain scan (4) revealed a “doughnut” sign all but obscured by the skull flap activity 
on the right. The angiogram (B) showed only an avascular mass, (arrows) but the CAT scan (C) revealed 
the true cystic nature of this recurrent cystic astrocytoma. 


a variable appearance on the brain scan, 
most commonly a crescentic or lentiform 
appearance. The “doughnut” sign has been 
reported in two cases! and has been ob- 
served by us. 

Angiographic diagnosis is made by ob- 
serving separation of superficial cerebral 
arteries and veins from the inner table of 


the skull. 


Pathologically, a subdural hematoma 
consists of a collection of blood which even- 
tually organizes and becomes surrounded 
by a “membrane” of varying thickness.” 
Conflicting evidence exists as to whether 
the uptake of radionuclide is within the 
fluid collection or its ““membrane.’”!®34 In 
the two cases reported previously, the in- 
creased radioactivity on the brain scan 





Fic. 8. This 42 year old male with known malignant melanoma presented with headache and signs of increased 
intracranial pressure. The brain scans (4 and B) showed a “doughnut” sign in the right frontal region. An 
angiogram confirmed the finding and melanoma metastases were diagnosed. 
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corresponded to the thick membrane around 
the hematomas. If this is representative, 
then the “doughnut” sign in subdural 
hematoma is indicative of chronicity. 


CRANIAL AND EXTRACRANIAL LESIONS 


It is well known that Technetium 99m 
will localize in both benign and malignant 
lesions of the skull, such as fibrous dys- 
plasia, Paget’s disease, inflammatory le- 
sions, and metastases.!® We have observed 
the “doughnut” sign in metastases to the 
calvarium. Differentiation from an intra- 
cranial process can usually be made by 
analyzing the skull film or by repeating the 
scan with a bone scanning agent." It is of 
interest that in our cases repeated with 
technetium polyphosphate, the “dough- 
nut” sign was accentuated (Fig. 11, 4 and 
B; and 12, 4 and B). 

The increased localization of technetium 
ion in calvarial lesions is probably due to 
hyperemia, because of the fact that in the 
majority of instances radioactivity fades in 
delayed scans® (Fig. 12C). 

Similarly, uptake of technetium has been 
observed in lesions of the scalp including 
hematomas and lacerations. A recent case 
report demonstrates the “doughnut” sign 
in a cephalohematoma.‘ 


TECHNICAL CONSIDERATIONS 


Obviously, the morphology and uptake 
pattern of many different brain lesions 
should result in the “doughnut” sign, yet 
with the technique in routine use it is ob- 
served less frequently than expected. We 
feel this is a function of geometry and 
resolution of the scanning apparatus. The 
original description by Gottschalk eż a/.¥ 
mvolved high resolution technique. The 
sign was considered present only when the 
“clear” area was definitely within and 1/5 
the diameter of the area of increased ac- 
tivity. Much of the difficulty in delineating 
the “doughnut” sign in a particular lesion 
is probably secondary to scanning geom- 
etry. Deep lesions are difficult to detect 
with the gamma camera, and a “doughnut” 
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Fic. 9. This ten year old female with known medul- 
loblastoma metastases received cobalt therapy 
with relief of headaches. The brain scan (4) 
showed bilateral parasagittal “doughnut” sign 
(arrows) thought to represent necrosis in the 
lesions secondary to treatment. The CAT scan (B) 
corroborated the scan, revealing cyst i 
the same region. 





850 Tarcan, Fajman, Marc and Berg APRIL, 1976 





Fic. 10. This 75 year old female had a long history of cerebrovascular disease with multiple “strokes.” She 
entered the hospital with acute symptoms, and a subsequent brain scan showed the classical wedge pattern 
on anteroposterior view (4), but a “doughnut” sign on the lateral view (B). 


sign, therefore, more difficult to demon- 
strate. Lesions outside the focal plane of a 
rectilinear scanner may exhibit a dimin- 
ished or absent “clear” central area, when 
scanning in the appropriate plane would 
demonstrate an obvious “doughnut” sign. 

A comparison of the radioisotope brain 
scan, angiography, and computerized axial 
tomography shows that angiography has 
the greatest physical resolution, yet the 
lesion itself may not be visualized and may 
be shown only by its displacement of ves- 
sels. The complex physical principles of 
computerized axial tomography, however, 
enable demonstration of much smaller dif- 
ferences in structure.” The radioisotope 
scan and computerized axial tomography 
have in common the pictographic presenta- 
tion of the lesion itself. In our limited ex- 
perience, internal structure of a lesion 
demonstrated by brain scan has been cor- 





ard 


Fic. 11. This 68 year old white female, post mastec- 
tomy for carcinoma of the breast, developed syn- 
cope. A brain scan (4) showed peripheral activity 
on the right, in anteroposterior view which could 
have been a subdural hematoma, but a Tc poly- 
phosphate bone scan (B) showed uptake in that 
region with a “doughnut” sign, and metastases 
to the skull were diagnosed. 








Fic. 12. This 52 year old female presented wi 


roborated by computerized axial tomog- 
raphy. 
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ULTRASONIC EVALUATION OF THE UNILATERAL 
NONVISUALIZED KIDNEY* 


By JOHN P. MARANGOLA, M.D.,+ PATRICK J. BRYAN, F.R.C.R., 
eand FARHAD AZIMI, M.D.t+ 


SYRACUSE, NEW YORK 


ABSTRACT: 


There are several techniques for evaluating the nonvisualized kidney. Nephroto- 
mography may be helpful in those patients who have some remaining renal function. 
Radionuclide renal flow and imaging studies are more sensitive than nephrotomog- 
raphy in detecting hydronephrosis, the most common cause of unilateral renal non- 
visualization, but also require some renal function to be of diagnostic value. 

Diagnostic ultrasound, since it is independent of renal function, is an even more 
sensitive indicator of urinary obstruction, detecting those cases where no function- 
ing renal parenchyma is present. This non-invasive technique can accurately guide 
percutaneous puncture of the collecting system, permitting antegrade localization of 
the obstructing lesion. 

When ultrasonography demonstrates a solid mass in the renal fossa, angiography 
is recommended for definitive diagnosis. When no kidney is identified renal venog- 
raphy may be useful in differentiating between a small nonfunctioning kidney and 


renal agenesis. 


NILATERAL nonvisualization of a 

kidney on intravenous urography is a 
not infrequent diagnostic problem in an 
average radiology department. Accurate 
knowledge of the etiology is of vital im- 
portance since certain lesions require rapid 
intervention. Retrograde pyelography, neph- 
rotomography,° arteriography,” selective 
renal venography,!® and radionuclide 
studies’ can often determine the etiology of 
the unilateral nonvisualized kidney. 

Ultrasonography, a simple non-invasive 
procedure, has become an important aid in 
the evaluation of the urinary system.? 41012, 
13,17,23,25,29 Tt js particularly valuable in the 
diagnosis of hydronephrosis,**> the most 
common cause of unilateral nonfunc- 
tion” 

The purpose of this communication is to 
present our experience with B-mode ultra- 
sound scanning in 27 patients with uni- 
lateral non-excretion on intravenous urog- 
raphy. 


METHOD 


A bi-stable modified Picker Laminagraph 
with a 2 megaHertz (mHz) focussed trans- 
ducer was used for most of the examina- 
tions. The gray scale images were obtained 
on Unirad and Rohe units using 2.25 mHz 
focussed transducers. 

With the patient in the prone position, 
the retroperitoneal area is scanned in 
longitudinal and transverse planes at I cm 
intervals. Oblique scans are performed 
when they better demonstrate the pathol- 
ogy. Mineral oil is used as the acoustic 
coupling agent. The images are perma- 
nently recorded on 70 mm or Polaroid film. 

If the kidney is not identified in the renal 
fossa, the patient is rescanned in the supine 
position. The pelvis is examined with a 
distended urinary bladder to exclude an 
ectopic kidney. 


REPORT OF CASES 


Case 1. This newborn male was found to have 


* Presented at the Seventy-sixth Annual Meeting of the American Roentgen Ray Society, Atlanta, Georgia, September 30-October 


3, 1975. 


From the Department of Radiology, State University of New York, Upstate Medical Center, Syracuse, New York. 
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Fic. 1. Case 1. Congenital hydronephrosis (H) of 
the right kidney seen as a large echo free mass. 
k=normal left kidney. (Courtesy of Uro/ogy, Janu- 
ary 1975, Vol. V, Page 18) 


a right flank mass. An intravenous urogram 
showed a normal left kidney and no excretion 
on the right side. Ultrasonography demon- 
strated a large echo free mass in the right flank 
extending across the midline (Fig. 1). A diag- 
nosis of congenital hydronephrosis was made 
and confirmed at surgery. 


Comment. The ultrasound findings in this 
case enabled a precise diagnosis to be made, 
and surgery was performed without the 
need for further diagnostic work-up. 


Case v. This 24 year old female was admitted 
because of fever and back pain. Urine cultures 
grew Klebsiella. An intravenous urogram re- 
vealed no excretion on the left side. 

Ultrasonography showed hydronephrosis of 





Fic. 2. Case v. Hydronephrosis of the left kidney 
showing greatly dilated renal pelvis (p) and 
calyces (c). k=normal right kidney. 
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the left kidney (Fig. 2). This diagnosis was con- 
firmed by radionuclide studies (Fig. 3) and 
retrograde pyelography. A left nephrectomy 
was performed and the pathologic specimen 
showed severe hydronephrosis secondary to 
ureteropelvic @unction obstruction. 


Comment. Although the diagnosis of hy- 
dronephrosis was established by ultra- 
sound, in the adult patient antegrade or 
retrograde pyelography is necessary to de- 
termine the site and often the cause of 
obstruction. 


Case vit. This 56 year old female with recur- 
rent adenocarcinoma of the sigmoid colon was 
found on intravenous urography to have a hy- 
dronephrotic left kidney and no excretion on 
the right side. 

Ultrasonography demonstrated bilateral hy- 
dronephrosis with the right collecting system 
being more dilated than the left (Fig. 4). The 
study also suggested that the hydronephrosis 
of the right kidney was of recent onset without 
much loss of renal parenchyma. There was no 
further work-up nor treatment since the pa- 
tient had already received maximum dosage of 
radiation therapy and chemotherapy. 





Fic. 3. Case v. Renal imaging with 99m Tc gluco- 
heptonate demonstrating areas of decreased activ- 
ity in the hugely dilated renal pelvis (p) and 
calyces (c). A small amount of functioning renal 
parenchyma is present. The right kidney is normal. 
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Case 1x. This 23 year old male entered the 
hospital because of acute urinary retention. 
Intravenous urography revealed enlargement 
of the right kidney and no excretion on the left 
side. In addition, there was a filling defect at the 
base of the bladder. Urinalysis was normal and 
urine culture grew no bacteria. Ultrasonogra- 
phy showed a large but normal appearing right 
kidney and a small hydronephrotic left kidney 
(Fig. 5). At cystoscopy there was a large 
ureterocele obstructing the left ureter and the 
bladder neck. The ureterocele was unroofed 
and pus was drained from the left ureter. 


Case x. This 59 year old female was ad- 
mitted because of a right flank mass, pyuria, 
and anemia. An intravenous urogram was not 
performed because of a severe reaction to 
contrast medium 20 years previously. A radio- 
nuclide renal flow and imaging study showed a 
normal left kidney and no uptake on the right 
side (Fig. 6). 

Ultrasonography demonstrated a 9¢X9X18 
cm echo free mass in the right renal fossa con- 
sistent with hydro- or pyonephrosis (Fig. 7). A 
drainage catheter was inserted into the cystic 
mass under ultrasonic guidance and thick pus 
was aspirated. Subsequently the large pyone- 
phrotic kidney was surgically removed. Patho- 
logic examination showed pyonephrosis and a 
markedly stenotic ureteropelvic junction. 





Fic. 4. Case viz. Bilateral hydronephrosis (arrows) 
in a patient with a nonvisualized right kidney. 
Note the large amount of remaining renal paren- 
chyma bilaterally indicating recent onset of ob- 
struction. 
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Fic. 5. Case 1x. (4) Longitudinal scan through small 
hydronephrotic left kidney (H). (B) Longitudinal 
scan of hypertrophied right kidney. 


Comment. Ultrasound established the 
diagnosis in this case in the absence of an 
excretory urogram. The radionuclide imag- 
ing study was unable to distinguish between 
hydronephrosis and renal agenesis because 
of the lack of renal function. 


Case xt. This 66 year old male with a history 
of numerous abdominal surgical procedures 
was admitted with fever, pain, and a draining 
left flank sinus. Ten months prior to this ad- 
mission the patient had undergone a splenec- 
tomy for traumatic rupture of the spleen and 
had subsequently developed a left subphrenic 
abscess which was surgically drained on two 
occasions. A previous intravenous urogram 
had shown enlargement of the right kidney and 
nonvisualization of the left kidney which was 
attributed to renal agenesis. 

Ultrasonography showed a bilocular cystic 
mass in the left renal fossa (Fig. 8). The find- 
ings were consistent with hydro- or pyo- 
nephrosis. Radionuclide renal flow and imaging 
studies showed no uptake on the left side. A 
fistulogram through the left flank opening 
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Fic. 6. Case x. The renal imaging study shows a 
normal left kidney and no visualization on the 
right side. In this patient, the radionuclide study 
could not distinguish between hydronephrosis 
and renal agenesis. 


demonstrated a communication with the col- 
lecting system of the left kidney (Fig. 9). A 
large drainage tube was inserted into the pyo- 
nephrotic sac under ultrasonic guidance. 


Comment. Despite a history of supposed 
renal agenesis, ultrasound suggested the 
correct diagnosis of pyonephrosis. 


Case xvi. This three month old male was 
admitted to the hospital because of a fever of 
103° F. A right lower quadrant mass was dis- 
covered on physical examination. Intravenous 
urography demonstrated a normal left kidney 
and no renal visualization on the right side. 
Ultrasonography showed a trilocular cystic 
mass on the right (Fig. 10). This echo pattern 
was thought to be most consistent with con- 
genital multicystic kidney. 

A multicystic mass measuring 5X3.5X2 cm 
and weighing 40 grams was surgically removed 
from the right flank. Histologic examination of 
the specimen confirmed the diagnosis of cystic 
renal dysplasia. 


Comment. This echo pattern in infants 
can be caused by multicystic kidney or con- 
genital hydronephrosis. Since ultrasound 
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narrowed the diagnostic possibilities to 
these two entities, surgery could be per- 
formed without further investigation. 


Case xx. This 72 year old male presented 
with hematuria. Excretory urography showed 
no function on the right side. Ultrasonography 
demonstrated an enlarged right kidney with a 
solid echo pattern and distorted internal 
architecture (Fig. 11). Renal cell carcinoma 
was suspected and confirmed by open biopsy. 


Case xxi. This newborn female was found to 
have a mass on the left side of the abdomen 
approximately 10 cm in diameter. An intrave- 
nous urogram showed a normal right kidney and 
no excretion on the left side. 

Ultrasonography showed an enlarged left 
kidney displaying a complex echo pattern not 
resembling hydronephrosis (Fig. 12). A left 
nephrectomy was performed. The kidney was 
swollen, congested and measured 7X 5X5 cm. 
It contained a hematoma 3 cm in diameter in 





Fic. 7. Case x. Pyonephrosis (P) of right kidney 
seen as a large cystic mass in the right renal bed on 
transverse (4) and sagittal scans (B). There are a 
few linear echoes from the walls of the dilated 
calyces. L=liver, k=normal left kidney. 
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the upper pole. Pathologic examination showed 
thrombosis of the main renal vein and hemor- 
rhagic necrosis throughout the kidney. 


Comment. Ultrasonography did not es- 
tablish the specific diagnosis in¢his case but 
was helpful in excluding congenital hydro- 
nephrosis as the cause of nonfunction. The 
predominantly echo free appearance in this 
case can be explained by the extensive 
edema and hemorrhagic necrosis of the 
kidney. 


Case xxu. This 71 year old male was found 





Fic. 8. Case x1. Pyonephrosis. Transverse scan (4) 
shows cystic mass (P) in the left renal fossa which 
on longitudinal section (B) has a reniform shape. 
Longitudinal scan of the right kidney (C) shows 
compensatory hypertrophy. 
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Fic. 9. Case x1. Fistulogram showing dilated collect- 
ing system of the left kidney. 


to have a blood pressure of 250/120 and a 
pulsatile abdominal mass. Intravenous urog- 
raphy showed a large calcified abdominal aortic 
aneurysm, a poorly functioning right kidney, 
and no excretion on the left side (Fig. 13). 

Ultrasonography showed the left kidney to 
be smaller than the right with no hydronephro- 
sis (Fig. 14). Aortography showed complete 
occlusion of the left renal artery and stenosis of 
the right renal artery. 


Comment. The normal ultrasonic appear- 
ance of the collecting system of the left 
kidney indicated that the lack of function 
was due to vascular impairment rather 
than ureteral obstruction by the abdominal 
aortic aneurysm. 


RESULTS 


Twenty-seven patients with unilateral 
renal nonfunction were studied (Table 1). 
The results are summarized in Table 11. In 
20 of the 27 patients, the final diagnosis 
was proved by nephrectomy, biopsy, or 
autopsy. In two patients the diagnosis was 
established by arteriography. 

The correct diagnosis was made on ultra- 
sound examination in 17 (77 percent) of the 
22 proved cases. In three other patients 
ultrasound was useful in excluding hydro- 
nephrosis and directing further work-up. 





Fic. 10. Case xvir. Multicystic kidney. 
Longitudinal scan. 


Ultrasound was thus diagnostic or helpful 
in 20 (gI percent) of the 22 proved cases. 

There were two diagnostic errors (nine 
percent). In Case xxiv, the tiny kidney, 
found at autopsy to weigh only 10 grams, 
was not identified by ultrasound, and renal 
agenesis was incorrectly diagnosed. In Case 
XXVII, a patient with left renal agenesis, 
the spleen which occupied the renal fossa 
was erroneously thought to represent a hy- 
dronephrotic sac (Fig. 15). The spleen is 
normally very transonic and can be diffi- 





Fic. 11. Case xx. Oblique scan showing a solid mass 
(renal cell carcinoma) replacing the right kidney. 
A large simple cyst (C) is seen in the upper pole 
of the left kidney. T= tumor. 
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cult to differentiate from a fluid filled mass. 

All 14 proved cases of obstruction of the 
collecting system were correctly diagnosed 
by ultrasound. Obstruction was the most 
common cause of unilateral nonfunction in 
this series, comprising 64 percent of the 
proved cases. 


DISCUSSION 


There are many causes of unilateral non- 
visualization on intravenous urography.!%?8 
Ultrasonography is a useful diagnostic mo- 
dality in evaluating these patients because 
visualization by this technique depends 
only on the morphologic and acoustic 
characteristics of the kidney and is inde- 
pendent of renal function. Using ultra- 
sound, one can determine whether a kidney 
is present, and if so it can provide informa- 
tion regarding its size, shape, and mternal 
architecture. This information can be used 
to direct further diagnostic work-up and at 
times may obviate any further investiga- 
tion. 

Barnett and Morley? (1971) and Stuber 
et al.’ (1972) recommended ultrasonogra- 
phy in the evaluation of unilateral renal 
nonfunction. Bearman et alt (1973) re- 
ported its usefulness in four pediatric pa- 
tients. Hatley and Whitaker™ (1973) used 
ultrasound to study eight adult patients 
with unilateral nonfunction. In four of their 
eight patients hydronephrosis was found. 
In 1975, Pitts et al.” reported a diagnostic 





Fic. 12, Case xx1. Renal vein thrombosis. Longitu- 
dinal scan showing an enlarged kidney and no dila- 
tation of the collecting system (arrows). 
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accuracy of 95 percent in 21 adults and 100 
percent in nine children with unilateral 
nonfunction. 

Ultrasonography is most helpful when a 
mass is present in the renal fossa. It can 
show whether the mass is cystic, solid, or a 
combination of the two (complex). The 
state of the collecting system can also be 
evaluated for hydronephrosis,®:® which is 
the most common cause of a unilateral non- 
functioning kidney. 

The differential diagnosis of unilateral 
nonvisualization can be conveniently sub- 
divided into pediatric and adult age groups. 
In the child the differential diagnosis 1n- 
cludes congenital hydronephrosis second- 
ary to ureteropelvic junction obstruction, 
multicystic kidney, unilateral renal vein 
thrombosis, and occasionally Wilms’ tumor. 
Congenital hydronephrosis and multicystic 
kidney are cystic masses whereas renal vein 
thrombosis and Wilms’ tumor produce 
solid or complex echo patterns. 

Congenital hydronephrosis usually pre- 
sents as an echo free solitary, fluid filled sac 
in the renal fossa with little or no identi- 
fiable renal parenchyma.’ Multicystic kid- 
ney (unilateral total renal dysplasia) 1s 
most often represented by a cystic mass 
with linear internal echoes from the walls 
of the individual cysts.?® Occasionally 
multicystic kidney can present as a large 





Fic. 13. Case xxu. Intravenous urogram shows 
aortic aneurysm (arrows) and nonfunctioning left 
kidney. 
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Fic. 14. Case xxi. Supine scan showing smal! kid- 
neys bilaterally with no hydronephrosis. A= ab- 
dominal aortic aneurysm. L=liver. rk=right 


kidney. Ik=left kidney. 


solitary cystic mass without internal echoes, 
simulating congenital hydronephrosis.* Con- 
genital hydronephrosis and multicystic kid- 
ney comprise the vast majority of cases of 
unilateral renal nonvisualization in ehild- 
hood, and when their echo patterns are 
recognized no further work-up 1s necessary 
prior to surgery. 

Renal vein thrombosis and Wilms’ tumor 
are much less common and more difficult to 
diagnose precisely by ultrasound. They pro- 
duce a solid or complex echo pattern,® 1.15.29 
and angiography is recommended for de- 
finitive diagnosis whenever such a pattern 
is encountered. , 

In the adult, the diagnostic possibilities 
are more varied.!™?8 As in the child, ob- 





Fic. 15. Case xxvu. Renal agenesis. The transonic 
spleen (S) occupying the left renal fossa simulates 
hydronephrosis. k= right kidney. 
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TABLE I 
tt 

Case Sex Age Clinical Presentation Ultrasound Diagnosis Final Diagnosis 

TESES NER TERRE a E 
I M 1 Day Abdominal mass, fever Congenital hydronephrosis Congenital hydronephrosis 

II M 2 Wks Abdominal mass Congenital hydronephrosis Congenital hydronephrosis 

III F 59 Hypertension Hydronephrosis Hydronephrosis** 

IV F 59 Hematuria Hydronephrosis Hydronephrosis, obstruction by 
transitional cell carcinoma of 
bladder drained under ultra- 
sonic guidance 

V F 24 Fever and back pain Hydro- or pyonephrosis* Hydronephrosis 

VI M 69 Prostatic hypertrophy Hydronephrosis- Hydronephrosis 

VII F 56 Carcinoma of colon Hydronephrosis Hydronephrosis** 

VIII M 69 Hematuria Hydronephrosis Hydronephrosis caused by tran- 
sitional cell carcinoma of 
ureter 

IX M 23 Urinary retention Small hydronephrotic kidney Small pyonephrotic kidney and 
ureterocoele 

X F 59 Flank mass and pyuria Hydro- or pyonephrosis* Pyonephrosis diagnosed and 
drained under ultrasonic guid- 
ance 

XI M 66 Flank sinus Hydro- or pyonephrosis* Pyonephrosis diagnosed and 
drained under ultrasonic guid- 
ance 

XII F 77 Abdominal pain Hydro- or pyonephrosis* Pyonephrosis diagnosed and 
drained under ultrasonic guid- 
ance 

XIII F 39 Flank pain Hydro- or pyonephrosis* Pyonephrosis 

XIV F 68 Fever and flank mass Hydro- or pyonephrosis* Pyonephrosis 

XV M 55 Fever and flank pain Hydro- or pyonephrosis* Pyonephrosis 

XVI F 43 Flank pain Complex echo pattern Xanthogranulomatous pyelo- 

nephritis 

XVII F 3 Mos Fever and abdominal mass Multicystic kidney Multicystic kidney 

XVIII M 45 Epigastric pain Complex echo pattern Multicystic kidney with calci- 
fied cysts 

XIX M 67 Pain and weight loss Solid tumor Renal cell carcinoma 

XX M 72 Hematuria Solid tumor Renal cell carcinoma 
XXI F 1 Day Abdominal mass Complex echo pattern no hydro- Renal vein thrombosis 
nephrosis 
XXII M 71 Abdominal aneurysm and hy- Small kidney no hydronephrosis Renal artery occlusion 
pertension 
XXIII M 66 Hypertension Abdominal aortic aneurysm End stage kidney** 
small kidney 
XXIV F 69 Epigastric pain Renal agenesis End stage kidney weighing 10 
grams 
XXV F 37 Vaginal bleeding Absent kidney Renal agenesis** 
XXVI M 6 Undescended testicle Absent kidney Renal agenesis** 
XXVII M 57 Hypertension Hydronephrosis Renal agenesis (Spleen in left 


renal fossa) 


ĀM ————— aaħÃII 





* Pyonephrosis suggested when obstruction was accompanied by clinical signs of infection. 


** No surgical proof. 


struction of the collecting system is the 
most common cause of unilateral non- 
visualization, comprising 75 percent of the 
cases in a study of nephrectomized kid- 
neys,” and 64 percent in our series. A soli- 
tary echo free mass in the renal fossa sig- 
nifies long standing hydro- or pyonephrosis. 
The latter may however contain weak in- 
ternal echoes depending upon the con- 
sistency of the pus. Acute obstruction can 
also cause unilateral nonvisualization. In 
these patients, pyelocaliectasis is less se- 


vere and a normal amount of renal paren- 
chyma may be present (Fig. 4). 

Clinical findings and history are often 
helpful in distinguishing hydro- from pyo- 
nephrosis, but for definitive diagnosis the 
dilated renal pelvis can be percutaneously 
punctured under ultrasonic guidance?’ and 
the aspirated fluid examined and cultured. 
Contrast agent is then instilled into the 
cavity under fluoroscopy to outline the 
hydronephrotic sac, define the site of ob- 
struction, and when possible determine the 
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etiology. This is important in the adult 
since the causes of obstruction include 
calculi, primary and secondary neoplasms 
of the urinary tract, as well as congenital 
obstructive lesions. 

Ultrasound can play an important role in 
the management of these patients. In hy- 
dronephrosis, percutaneous insertion of 
drainage tubes under ultrasonic guidance 
will relieve the obstruction without the 
necessity for surgical pyelostomy, thus 
enabling the kidney to recover any function 
of which it is capable. In pyonephrosis, 
culture of the aspirate permits appropriate 
antibiotic therapy. This together with per- 
cutaneous drainage allows the patient’s 
condition to improve before elective sur- 
gery. 

Multicystic kidney in the adult can pre- 
sent as a polycystic mass with an echo 
pattern similar to that seen in childhood. 
However, in the only case we have studied, 
the cysts were not recognized as such be- 
cause of ultrasonic attenuation by calcifica- 
tion in the cyst walls. In questionable cases, 
angiography may be necessary for precise 
diagnosis.}:74 

Perinephric hematoma and abscess, and 
subcapsular hematoma!® can cause non- 
function of a kidney, and are also diag- 
nosable by ultrasound. They present as an 
echo free area adjacent to and frequently 
displacing the kidney. 

When the echo pattern of a mass in the 
renal fossa is solid or complex, the differen- 
tial diagnosis includes renal cell carcinoma, 
transitional cell carcinoma,®**4 metastases 
to the kidney, renal artery occlusion, renal 
vein thrombosis,*!* renal trauma,” and 
tumefactive xanthogranulomatous pyelo- 
nephritis.’ In these patients ultrasound can 
exclude hydronephrosis, thereby obviating 
the need for retrograde pyelography. Angi- 
ography” is recommended for definitive 
diagnosis when a solid or complex echo 
pattern is encountered. 

When a kidney is not identified in the 
renal fossa on B-scanning, a careful search 
of the pelvis with the patient in the supine 
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TABLE II 


Diagnosis prona 
of Cases 

Hydronephrosis 

Pyonephrosis 

Agenesis 

Neoplasia 

Small end stage kidney 

Multicystic kidney 

Renal artery occlusion 

Renal vein thrombosis 

Xanthogranulomatous 
pyelonephritis I 


= mH NHN HW WNT C 


Total 27 


position should be performed to rule out 
renal ectopia. If no kidney is found, the 
diagnostic possibilities include agenesis, 
hypoplasia, and end stage kidney too small 
to be resolved with our present ultrasound 
equipment. Angiography,” and in particu- 
lar renal venography,!!® may be useful in 
distinguishing a small kidney from agenesis. 


John P. Marangola, M.D. 
Department of Radiology 
State University of New York 
Upstate Medical Center 
Syracuse, New York 13210 
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FACTORS THAT MODIFY THE RADIO-RESPONSE 
OF CANCER OF THE NASOPHARYNX* 


By JOSEPH BOHORQUEZ, M.D., D.M.R.T., F.F.R.t 


BROOKLYN, NEW YORK 
® 


ABSTRACT: 


A study of 152 cases of carcinoma of the nasopharynx was carried out for evalu- 
ation of various features of the tumors. Survival is greatest in middle aged patients 
and poorest in patients under 20 years of age. Patients who presented with lymph 
node involvement had a better survival rate than those without, and those with 
undifferentiated tumors survived longer, although tumors in this group metastasized 
earlier. Those tumors which arose on the postero-superior wall of the nasopharynx 
were associated with a lower cure rate than those situated elsewhere. Spread to 
adjacent tissues diminished the cure rate, but the rate fell particularly low if there 
was spread to bone or to the central nervous system. If no neck lymph nodes were 
involved, patients with undifferentiated and well-differentiated lesions fared equally 
well, but if there was involvement of the neck lymph nodes, those with undifferenti- 
ated primary lesions obtained a better cure rate. The influence of the type of local 
spread, the presence of distant metastasis, and survival in relation to the histological 


and clinical grading of the tumor were also evaluated. 


T biological behavior of a tumor and 
its relationship to neighboring areas 
plays a very important role, not onlv in its 
management but in the ultimate prognosis. 
Carcinoma of the nasopharynx, which 
arises in an area which is a solid bony box, 
surrounded by vital structures, presents 
special problems to the radiotherapist. In 
many instances, these problems are difh- 
cult to solve without producing damage 
to these nearby normal structures. It is, 
therefore, relevant to have an idea of the 
importance of those factors which influence 
on the radio-response of these tumors, and 
from there to evolve a system of how to 
treat them. 

One hundred and fifty-two cases of 
squamous cell carcinoma of the naso- 
pharynx seen and treated at the Head and 
Neck Unit of the Royal Marsden Hospital, 
London, England from 1933 to 1956 have 
been analyzed with this scope. All patients 
had complete physical, roentgenologic and 
neurologic evaluation as well as histelogic 
confirmation of their disease. 


The tumors were graded into well-dif- 
ferentiated, comprising Grades 1 and 11 of 
the Broders Classification, and undifter- 
entiated, comprising Grades 11 and Iv, in 
agreement with Yeh,!®?+?9 the classical type 
being called here well-differentiated. All of 
them were staged according to the Inter- 
national Union Against Cancer Classifica- 
tion outlined in Table 1. 


TECHNIQUE OF IRRADIATION 


In cancer of the nasopharynx a thorough 
evaluation of the true extent of the tumor 
is highly rewarding. Since the biological 
potential of these tumors to invade neigh- 
boring areas is rather high the three field 
technique, two lateral and one nasal, is 
used in order to tailor the treatment to the 
individual tumor in the individual patient. 
In this way, by spreading the dose over 
three portals I avoid the very troublesome 
trismus which not only prevents the patient 
from chewing and swallowing properly, but 
prevents good follow-up examination. 
Shielding of both eves and a dental stent to 


* Presented at the Fifty-seventh Annual Meeting of The American Radium Society, Isla Verde, Puerto Rico, May 4-9, 1975. 
Downstate Medical Center, State University of New York, Brooklyn, New York. 


t Director, Department of Radiotherapy. 
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TABLE I 


INTERNATIONAL UICC STAGING CLASSIFICATION 
ee 
Tı Tumor limited to one region (one wall) 

T2 Tumor limited to two regions (two walls) 

T3 Tumor extending beyond nasopharynx without 
bone invasion 

T4 Tumor extending beyond nasopharynx with bone 
invasion 








No No palpable lymph nodes 

Nı Movable homolateral lymph nodes 

N2 Movable contralateral or bilateral lymph nodes 
N3 Fixed lymph nodes 


Mo No evidence of distant metastasis 
Mı Distant metastasis present 








push the tongue down out of the anterior 
field are used when the tumor has not 
spread to the oropharynx and the latter 
diminishes the severity of xerostomia. The 
lower neck is irradiated with the classical 
anterior and posterior split fields down to 
the clavicle. When indicated, a boost dose 
to small areas of the neck is given. Using 
the moulage technique described by Pier- 
quin an individual applicator is made of 
lucite to boost the dose to the remaining 
portion of the tumor in the nasopharynx, 
loaded in such a way that only the target 
volume receives the desired dose. 


MODIFYING FACTORS 


The factors described below were ana- 
lyzed in an effort to determine (a) their 
biological potential, (b) their influence in 
the response to ionizing radiation, (c) their 
influence on survival, (d) their influence 
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on recurrence, and (e) their influence on 
radiation damage. 

The distribution of cases in each group 
and the ratio between cases are arbitrarily 
called, “the established distribution,” and 
“the establi$hed ratio,” respectively. All 
results reported here are ratio corrected 
and the survivals are five years or longer 
free of disease. 

Sex. One hundred and three cases or 
67.8 percent were male, and 49 or 32.2 
percent were female, a ratio of 2.1:1. 
There was no statistical difference in sur- 
vival between the two sexes. The over-all 
survival for male was 15 percent and fe- 
male, 16 percent!*2!:26 (Tables 11 and XII). 

Age Group. According to age group the 
highest survival, 43 percent, was obtained 
in the 4th decade.4 14.18.21.23 Tt jg interesting 
to observe that also in this age group both 
males and females achieved the highest cure 
rate, namely 36 percent for the former and 
55 percent for the latter. Equally impor- 
tant, the results according to histology are 
the highest, 33 percent for well-differ- 
entiated tumors and 45 percent for undif- 
ferentiated tumors. There was no survival 
in the first two decades,” and the survival 
in the group over 50 dropped to around 18 
percent. The reason for these results will be 
discussed under histological grading. (Table 
III). 

Presenting Symptoms. The highest sur- 
vival rate, 35 percent, was in the group 
which presented with lymph node involve- 
ment. Undifferentiated tumors had a higher 
survival, 37 percent, versus 25 percent for 
well-differentiated tumors. Since the ratio 


TABLE I] 


DISTRIBUTION OF CASES ACCORDING TO SEX AND HISTOLOGY 





ee a i P — : 








Ratio 

Male 103 (67.8%) Female 49 (32.2%) 203i 
Undifferentiated Tumors 108 (71.1%) Well Differentiated Tumors 44 (28.9%) EA 
Male/Undifferentiated 74 (48.7%) Male/Well Differentiated 29 (19.1%) ee 
Female/Undifferentiated 32 (22.4%) Female/Well Differentiated 15 (9.9%) 2.2351 
Male/Undifferentiated 74 (48.7%) Female/Undifferentiated 34 (22.4%) Te 
29 (19.1%) Female/Well Differentiated 15 (9.9%) tgi 


Male/Well Differentiated 


aaa ee 
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a 
TaBLe_ III 
DISTRIBUTION AND SURVIVAL ACCORDING TO AGE GROUP 

Years 10 20 30 40 50 60 70 80 
ES 

Male/Well Differentiated e— — 3 -— II II 4 — 

Male/Undifferentiated 3 F F, 14 21 15 6 I 

Female/Well Differentiated — — — 3 4 4 4 —.- 

Female/Undifferentiated I 4 4 6 8 7 4 — 
ee ee I nT eT ee 

Total Cases 4 II 14 23 44 ae 18 I 

Percentage Survival O O 21 43 16 22 17 O 

Male/Survival O O 33 36 16 I5 20 O 

Female/Survaval O O O 55 rz 36 12 O 

Well Differentiated /Survival O O O as 13 13 25 O 

Undifferentiated /Survival O O 27 45 17 2 IO O 











of undifferentiated to well-differentiated 
carcinomas in this group is 4.8:1, almost 
twice the established ratio, it appears that 
(1) undifferentiated tumors have a higher 
biological potential to metastasize to the 
lymph nodes,*+7 1516 and (2) the higher cure 
rate is a function of the histological grading 
of the tumors which are also probably more 
radiosensitive and radiocurable.‘ Since male 
and female survival rates in this group are 
36 and 33 percent respectively, sex 1s not 
the factor influencing the survival, but 
the degree of malignancy of the tumor is. 
The survival for patients presenting with 
either nasal or oricular symptoms is about 
the same, around 22 percent. On the other 
hand, in the group of patients presenting 
with either bone or central nervous system 
(CNS) invasion, the survival is very low, 
around seven percent. The radiosensitivity 
and radiocurability are so greatly affected 
with bone or CNS invasion that thev are 
probably the most significant factors in the 
cure of these patients.4.7:19 116-18 The ex- 
planation for this may lie in the fact that 
once the tumor has invaded bone or the 
CNS, the radio-response changes either be- 
cause of changes in the biological nature of 
the tumor or because the new host tissue re- 
duces the ability of the tumor to respond 
to ionizing radiation.*:!° Since these factors 
are among the major problems that the 
radiotherapist has to contend with when 


treating this type of tumor every effort 
should be made to evaluate them properly 
when planning the treatment (Table Iv). 

Initial Site of the Tumor. As seen in 
Table v the lowest survival rate, 13 percent 
was in tumors arising primarily in the 
postero-superior wall.4 The survival for 
tumors of both lateral walls and antero- 
inferior walls is roughly the same, about 
29 percent. This difference is statistically 
significant. The low survival rate for tu- 
mors arising in the postero-superior wall 
remains the same regardless of sex and his- 
tology. Therefore, these tumors which 
were in the majority, accounting for 41 
percent of the total, have a tendency to- 
wards a greater malignancy. This could be 
explained on the basis of the anatomical 
position, since these tumors have a greater 
tendency to spread upwards to invade the 
base of the skull and the CNS.‘ It is, 
therefore, the anatomy*?!%”> of the naso- 
pharynx that determines and influences 
both the biological behavior and the sur- 
vival rate of tumors arising in this area. 
Equally important in the management 1s 
the problem of local recurrence since be- 
tween 25-50 percent take place in this 
area. 

Time-Delay. The total number of pa- 
tients was divided into five groups accord- 
ing to delay between the first presenting 
symptoms and the beginning of treatment. 
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Tase IV 
DISTRIBUTION AND SURVIVAL ACCORDING TO PRESENTING SYMPTOMS 
i ea a a a a a 
1* 2* 3* 4* 5* 6* 
a 
Male/Well Differentiated 14 6 a ° 3 r3 3 
Male/Undifferentiated 2 19 12 8 2 6 
Female/Well Differentiated 4 5 a) I I 2 
Female/Undifferentiated 13 12 7 2 — -- 
EN ES E ee ee 
Total Cases 58 42 23 14 5 10 
Percentage Survival 22 19 3 7 O 20 
Male/Survival 22 20 3 9 O O 
Female/Survival 23 18 33 O O — 
Well Differentiated/Survival 6 18 25 25 O —- 
Undifferentiated/Survival 30 19 37 O O O 


* 


These five groups had a delay of 3, 6, 9, 12, 
and more than 12 months. The relationship 
between tumor extent and time delay is 
called the “clinical age of a tumor.*” It 
is seen in Table vı that T-1 tumors pre- 
sented in the first 0-6 months in 82 percent 
of the cases and the remaining 18 percent 
between 6 and 12 months. This may reflect 
more rapidly growing tumors which pro- 
duce earlier symptoms. Stages 11 and 111 
tumors have a more or less similar distribu- 
tion in the groups between o-6 months, 
between 6-12 months, and more than 12 
months, perhaps reflecting an average 


1—Nasal; 2—Auricular; 3—Lymph node invasion; 4—Bone pain; 5—CNS invasion; 6—Any other symptom. 


growth pattern. On the other hand, Stage 
Iv tumors had a lower incidence in the 
group O-6 months, 43 percent; but more 
important they presented in 28 percent of 
the cases with more than 12 months of de- 
lay, possibly reflecting a slower tumor 
growth. Relating this time-delay to sur- 
vival, it is seen in Table vir that the peak 
survival rate is in the group 6-9 months, 
32 percent; the lowest is in the o—3 months, 
10 percent; followed by the group between 
3-6 months with Ig percent. In the groups 
between 9-12 months and more than 12 
months the survival is about the same, 26 


TABLE V 


DISTRIBUTION AND SURVIVAL ACCORDING TO INITIAL SITE 














R.W.* Lew, PS, W,” ALW,” 

Male/Well Differentiated 6 6 15 2 
Male/Undifferentiated 23 20 28 3 
Female/Well Differentiated 4 3 Fi I 
Female/Undifferentiated 8 12 13 I 

Total Cases 4I 4I 63 7 
Percentage Survival 24 29 13 29 
Male/Survival 17 3I 14 20 
Female/Survival 42 27 IO 50 
Well Differentiated /Survival 20 O 14 66 
Undifferentiated /Survival 26 38 12 O 


* R.W.—Right Wall; L.W.—Left Wall; P.S.W.—Postero-Superior Wall; A.I.W.—Antero-Inferior Wall. 
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Tase VI 


DISTRIBUTION ACCORDING WITH THE RELATION OF TIME DELAY TO TUMOR EXTENT 














O-3 3-6 6-9 g-12 12+ 

Male/Well Differentiated Carcinoma 8 II 4 5 I 
Male/Undifferentiated Carcinoma 23 18 9 IO 14 
Female/Well Differentiated Carcinoma 5 2 i I 4 
Female/Undifferentiated Carcinoma 3 I] 9 6 5 
Total Cases 39 42 aë 22 24 
Percentage Distribution 2.7 27.6 16.4 14.8 15.8 


Stage T1 Total 


6<—82%<—— 8 


—<—_ 1 8—3 oh - 


Well Differentiated Carcinoma I k - I - 
Undifferentiated Carcinoma 5 5 - 2 - 
Stage T2 Total 6-— 47% 11 7-43 Fe 8 — BH 3 
Well Differentiated Carcinoma I 2 > 2 I 
Undifferentiated Carcinoma 5 9 7 6 2 
Stage T3 Total 23—— 54% 11 12-29% 6-17 YH 
Well Differentiated Carcinoma 10 3 6 2 - 
Undifferentiated Carcinoma 13 8 6 4 II 
Stage T4 Total 4—43% 12 b——29%——> 5—28% —— 10 
Well Differentiated Carcinoma I 5 I I 4 
Undifferentiated Carcinoma 3 4 6 





percent. Therefore I believe that the cases 
in this series may be considered as being 
represented by three types of tumors :* 


(a) Small, highly malignant tumors giv- 
ing symptoms early and leading to 
the death of the patient quickly. 

(b) Tumors with an average growth pat- 
tern giving symptoms later and pro- 
ducing a longer survival. 

(c) Tumors having a very slow growth 
pattern and producing a consider- 
ably longer survival. 


These growth patterns are not related 
to the histological type and seem to be an 
inherent biological characteristic of the 
primary tumor. Whether this apparently 
different biological potential influences the 
radio-response of the primary tumor is un- 
known,‘ 1012,14.15,22 nor whether it has an 
influence on local recurrence. However, 
since the patients who died rather quickly 
usually died from distant metastasis it 
may well be the case that systemic therapy 
is indicated in this tvpe of tumor as opposed 
to those with a slower growth pattern 
where more concentrated therapy to the 


7 5 





primary will be indicated. Since these dif- 
ferent behaviors apparently influence sur- 
vival it would probably mean that we are 
dealing with different types of tumors, 
each of them requiring different types of 
management.®9 720 Further studies are 
indicated to ascertain whether this is the 
case.” 

Extent of the Primary Lesion. As seen in 
Table vii the highest survival rate, 35 per- 
cent, was achieved with T-1 lesions. It 
dropped slightly to 29 percent for T-2 
lesions which may indicate that tumors in- 
volving one or two walls of the nasopharynx 
have a better chance of cure.‘:5:1-17,18,21,28 
Once the stage increases to T-3 the survival 
rate drops significantly to 22 percent. This 
may indicate that once the tumor spreads 
outside the nasopharynx into the soft tis- 
sues of the neighboring areas it probably 
changes its radiosensitivity and radiocurabil- 
ity. Furthermore, once a tumor invades bone 
or the CNS as in T-4 lesions the cure rate is 
remarkably low, five percent.#7:11:18.14,17—19,26,29 

* I poncer, however, whether we should move from the present 


type of staging classification to what I would call a biological 
staging classification.‘ 
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Taste VII 
INFLUENCE OF TIME DELAY ON SURVIVAL 
0-3 3-6 6-9 9-12 12+ 
Total Cases 39 42 2g 22 24 


Percentage/Survival tö fo J2 27 2i 


Well Differentiated 
Carcinoma H- 5% 7 6 5 
Percentage/Survival 15 ó 28) 33 20 


Undifferentiated 


Carcinoma 26 29 «#618 16 Ig 
Percentage/Survival e 327. 93 ag. of 


This again emphasizes that once a tumor 
involves bone or nervous tissue, radiosensi- 
tivity and radiocurability are so markedly 
decreased that this becomes the major fac- 
tor preventing cure. 

Lymph Node Invasion. The influence of 
the degree of lymph node metastasis is seen 
in Table rx. The highest survival rate is for 
N-o and N-1 tumors, 30 and 27 percent 
respectively, essentially the same. It drops 
to 19 percent for N-2 tumors and to 15 per- 
cent for N-3 fixed lymph nodes.4:5:1!: 8-17, 28,29 
There was no relationship between the 
stage of the primary and the incidence of 
lymph node metastasis, a fact that could 
also be interpreted as an independent func- 
tion of the primary tumor.*:?8 However, the 
undifferentiated tumors produced a higher 
incidence of nodal metastasis, 76 percent, 
as compared to the well-differentiated tu- 
mors, $9 percent, a factor that indicates a 
greater biological potential of the undif- 
ferentiated tumors to metastasize to the 
lymph nodes.*’: Interesting enough, when 
the neck was negative, both types of tumors 
had about the same survival, around 30 
percent, indicating the value of elective 
whole-neck irradiation for microscopic dis- 
ease regardless of histology. But once the 
lymph nodes were positive, either N-1, -2, 
or -3, the survival was increasingly superior 
in the undifferentiated group, again re- 
flecting a higher degree of sensitivity and 
radio-curability. The degree of lymphatic 
invasion thus bears a tremendous role on 
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survival which increases with decreasing 
degree of nodal invasion.®7:114.17.18 The 
value of radiation therapy both for cure of 
nodal disease in the neck and prophylac- 
tically for clinically undetected micro- 
scopic disea8e is well beyond doubt and 
demands complete treatment to all the 
lymph node drainage stemming from the 
nasopharynx down to the clavicle regard- 
less of histological type, since both types 
have a high lymphatic metastatic aggres- 
siveness.75+5:7,10,16-18,26,28 Since undifferentiated 
tumors respond better to treatment than 
well-differentiated types the strategy to 
manage them may vary depending upon 
their response during the course of treat- 
ment. Females seem to score better than 
males in N-o and N-1 with 38 and 40 per- 
cent respectively for females and 26 and 17 
percent for males. However, once we reach 
more advanced stages, N-2 and N-3, the 
survival rate is similar for both sexes. It 
appears that the incidence of females in 
this group is greater, and despite that the 
results are better. 

Type of Local Spread. As seen in Table x 
there is a good relationship between sur- 
vival and area of invasion, the highest, 29 
percent, being when the tumor has not 
spread outside the nasopharynx. Tumors 
extending inferiorly or anteriorly to the 
soft tissues of the oropharynx and nose 
produce slightly lower survival, 23 and 17 


TABLE VIII 


DISTRIBUTION AND SURVIVAL ACCORDING TO 
THE EXTENT OF THE PRIMARY 








at > Te Ta 


Male/Undifferentiated 9 20 2 17 
Female/Undifferentiated 3 9 I4 8 
Male/Well Differentiated 5 s -f 7 
Female/Well Differentiated o) I g 5 

Total Cases YY 2 ce a 
Percentage Survival 35 29 23 5 
Male/Survival 2 28 13 8 
Female/Survival 61 33 30 O 
Well Differentiated/Survival © 33 24 O 
Undifferentiated/Survival 50 28 2 8 
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percent, respectively. On the other hand, 
tumors breaking through the boundaries 
of the lateral wall into the parapharyngeal 
fossa have a survival of only eight percent. 
Equally ominous is the spread superiorly to 
the base of the skull, either With bone or 
CNS involvement.4:7:7> This adverse in- 
flaence on survival demands a review of the 
strategical management of these tumors 
with a very accurate and thorough delinea- 
tion of the real extent of the tumor which 
frequently excapes us due to their sub- 
mucosal manner of spreading.*"”° 

Distant Metastasis. As seen in Table x1, 
of the total patient population, five or 3.3 
percent presented with distant metastasis 
when first seen. All were undifferentiated 
carcinomas indicating a great biological 
petential to metastasize. The influence of 
distant metastasis on survival is spectacu- 
lar, and no patient survived more than six 
months after diagnosis.” 

Histological Grading. The influence of 
histological grading was apparent in sev- 
eral instances. According to age group all 
the tumors in patients below 20 vears of 
age were undifferentiated with a total of 
14 percent. From then to the 5th decade 
the ratio of undifferentiated to well-dif- 
ferentiated carcinomas remains constant. 
Interestingly enough, from then onward 
the reverse takes place and the established 
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TasBLE IX 
DISTRIBUTION AND SURVIVAL ACCORDING 
TO LYMPH NODE INVASION 

No Nr N2 N3 

Male/Well Differentiated II 3 § 46 
Male/Undifferentiated 16 7 2i 34 
Female/Well Differentiated 7 2 I 5 
Female/Undifferentiated 9 3 IO 12 
Total Cases 43 Il 37 ~ 61 
Percentage Survival 3 27 to g 
Male/Survival 26 a7 -234 fä 
Female/Survival 38 40 9 I 
Well Differentiated/Survival 28 20 O 6 


Undifferentiated /Survival so y g 





ratio does not hold any longer. This differ- 
ence in histological grading is reflected in 
the results, and the survival rate was lower 
in the 6th and 7th decades, around 20 per- 
cent where the majority were well-differ- 
entiated tumors, while the highest survival, 
43 percent, was in the 4th decade. The un- 
differentiated tumors have a higher sur- 
vival, 45 percent, in this age group than 
the well-differentiated, 33 percent. No pa- 
tient below the age of 20 survived,” al- 
though all of them had undifferentiated 
tumors. The reason for both this type of 
distribution and survival is not understood, 
but it may be that either defense mecha- 


TABLE X 


DISTRIBUTION AND INFLUENCE OF THE TYPE OF SPREAD ON SURVIVAL 














A a" ar an No Area 
Male/Well Differentiated Carcinoma 7 6 7 6 10 
Male/Undifterentiated Carcinoma 9 2% 14 IO 31 
Female/Well Differentiated Carcinoma 5 6 5 3 I 
Female/Undifterentiated Carcinoma 4 6 10 7 14 
Total Cases 25 43 36 26 55 

Percentage Distribution 16.4 28:3 23.9 17% 36.2 
Percentage/Survival 8 23 T? 8% 29 
Well/Differentiated Carcinoma 12 t2 12 9 II 
Percentage/Survival O 42 8 O 18 
Undifferentiated Carcinoma K 31 24 17 45 
Percentage/Survival Is 16 21 I2 3I 


= 1—Superior spread to base of skull; 2—Inferior spread to oropharynx; 3—Anterior spread to nose; 4—Parapharyngeal fossa. 
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TABLE XI 


DISTRIBUTION AND SURVIVAL ACCORDING TO 
METASTATIC INVOLVEMENT 














Mo Mı 
Male/Well Differentiated 
Carcinoma 29 — 
Male/Undifferentiated 
Carcinoma 69 5 
Female/Well Differentiated 
Carcinoma 15 — 
Female/Undifferentiated 
Carcinoma 34 — 
Total Cases 147 5 
Percentage 96.7 a Ti 
Male 98 $ 
Percent of Total 95.1 4.9 
Female 49 — 
Percent of Total 100.0 0.0 
Well Differentiated 
Carcinoma 44 — 
Percent of Total 100.0 6.0 
Undifferentiated Carcinoma 103 5 
Percent of Total 95.4 4.6 


Percentage Survival 








nisms, etiological factors, or both, play dif- 
ferent roles in different age groups (Table 
III). 

Regarding the presenting symptoms 
there is a remarkable preponderance of un- 
differentiated carcinomas, the ratio being 
4.8:1, almost twice as many in the group of 
patients who had lymph nodes in the neck 
as the first manifestation of the disease 
reflecting, of course, a higher lymphatic 
metastatic power. The over-all incidence of 
patients presenting with lymph nodes in 
the neck was 15.1 percent and the survival 
rate in this group was higher, 37 percent in 
the undifferentiated tumors versus 25 per- 
cent in the well-differentiated. Equally im- 
portant, the undifferentiated tumors had 
a higher survival, 30 percent, than the well- 
differentiated ones, six percent, in the group 
presenting with nasal symptoms. On the 
other hand there was no difference in sur- 
vival between the two types of tumors in 
the group of patients presenting with 
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either bone or CNS involvement (Table 
Iv). 

In relationship to the time-delay, 52 per- 
cent of all tumors presented during the first 
six months without relation to grading or 
sex. After the first six months there is an 
increase in the ratio of females presenting 
with increased delay. Whether women 
seek medical advice later than men or that 
their tumors are slower in growth giving 
rise to symptoms later cannot be deter- 
mined from this study (Table vi). The 
influence of grading on survival according 
to the time-delay points to a very interest- 
ing finding. The lower survival, eight per- 
cent, was in the undifferentiated tumors 
with time-delay of less than three months 
versus 15 percent in the well-difterentiated 
tumors. Both tumors, however, show the 
lowest survival in this time-delay group. 
These tumors obviously represent highly 
malignant neoplasms in general, regardless 
of histology. The influence of grading is less 
in the remaining groups where the survival 
is roughly the same, around 30 percent. 
This finding indicates perhaps that they 
are slower growing tumors regardless of 
their grading and therefore the behavior 
of the primary is an innate characteristic 
of the tumor (Table vir). 

In relationship to the distribution by ex- 
tent of the primary there is no significant 
difference either stage by stage or by sex. 
One would expect that the proportion of 
undifferentiated tumors would be greater 
as the extent of the primary grows bigger 
as an expression of rapid growth. However, 
this is not the case. Again it appears that 
the local behavior of the primary tumor 
and its growth are innate biological char- 
acteristics independent of the grading. The 
influence of grading on survival according 
to the extent of the primary shows that un- 
differentiated carcinomas have the higher 
survival, 50 percent, of Stage 1 tumors, 
versus O percent for well-differentiated car- 
cinomas. From then on, as the stage of the 
primary increases the survival drops to 28 
percent for T-2 and 21 percent for T-3, 
more or less equal to the well-differentiated 
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tumors, indicating that the response of the 
primary is independent of the grading as the 
local extent increases. No patient with 
bone or CNS involvement in the well-dif- 
ferentiated group survived five years, but 
eight percent with undifferentiated tumors 
survived in that group. Undifferentiated 
tumors have a higher sensitivity and radio- 
curability which are functions of the extent 
of the tumor: the smaller the tumor the 
higher the probability of local control. The 
treatment dose should be determined by 
both the new host-tissue (bone, CNS, 
cartilage, etc.) and the tumor size (Table 
VIII). 

Regarding the influence of grading on 
lymph node invasion, the highest incidence 
of negative lymph nodes was in the well- 
differentiated group, 40.9 percent versus 
23.1 percent in the undifferentiated group. 
Therefore, the reciprocal is also true, that 
well-differentiated tumors have a lower 
lymphatic metastatic power. This different 
behavior remains so when the lymph nodes 
are positive with either bilateral or fixed 
lymph nodes, since the incidence of undif- 
ferentiated tumors is 28.7 percent for N-2 
and 42.6 percent for N-3 versus 13.6 percent 
and 34.1 percent respectively for well-dif- 
ferentiated carcinomas. It seems therefore, 
that the higher the degree of malignancy of 
the primary tumor the higher the degree 
of lymphatic invasion. This apparent dif- 
ference between the local biological behav- 
ior of the primary and its potential to me- 
tastasize to the regional lymph nodes can- 
not be explained from this study. The in- 
fluence of grading on survival according to 
lymph node involvement shows that when 
the neck is negative, N-o, both types of 
tumors have approximately the same sur- 
vival around 30 percent. Once the lymph 
nodes are positive, however, there is a re- 
markable difference in survival between 
the two groups. For the undifferentiated 
tumors the survival for N-1, N-2, N-3 is 
33, 22, and 17 percent respectively versus 
20, O, and six percent for the well-difter- 
entiated group tumors. The treatment of 
choice for nodal disease is radiation ther- 
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apy, but well-differentiated tumors may 
require different management (Table 1x). 
It was found that 3.3 percent of the cases 
did show distant metastasis when first seen 
and all of them were undifferentiated tu- 
mors in males. One must, therefore, be very 
cautious when dealing with undifferenti- 
ated tumors since besides the treatment to 
the primary the possibility of systemic 
therapy either to prevent or delay the ap- 
pearance of distant metastasis could be 
entertained (Table x1). 

In relation to the direct mode of spread 
of the primary tumor it is interesting to 
observe that well-differentiated carcinomas 
had a higher incidence of spread superiorly 
to the base of the skull, 27.3 percent, 
versus twelve percent for undifferentiated 
carcinomas. It seems that well-differentiated 
tumors have, therefore, a higher tendency 
to search for bone and CNS invasion while 
undifferentiated carcinomas have a higher 
tendency to spread along soft tissues.” 
This finding should also be seriously con- 
sidered when treating either type of car- 
cinoma of the nasopharynx. The relation- 
ship between grading and survival accord- 
ing to invasion areas shows that undiffer- 
entiated carcinomas spreading superiorly 
to the base of the skull, anteriorly to the 
nose, and laterally to the parapharyngeal 
fossa have a higher survival, 15, 21, and 
twelve percent respectively versus o, eight, 
and o percent for well-differentiated tu- 
mors. Once again we encounter the differ- 
ence in behavior and survival that I have 
alluded to before. Although undifferentiated 
tumors respond better when they have 
spread to the soft tissue of the neighboring 
areas, when they spread to the oropharynx 
they have a lower survival, 16 percent ver- 
sus 42 percent for the well-differentiated tu- 
mors. The interpretation of these results 
lies in the fact that undifferentiated car- 
cinomas although more radiosensitive and 
radio-curable tend to spread submucosally 
in such an inconspicuous way that they 
mislead the observer when assessing the 
true extent of the tumor (Table x). 

Relating grade to the over-all five year 


872 

survival, it is seen in Table xm that undif- 
ferentiated carcinomas have an over-al]*:!9 
survival of 23 percent versus 15 percent for 
the well-differentiated tumors. 


RECURRENCE 


Recurrence in the Nasopharynx. Eighty- 
three percent of all recurrences appeared 
within three years after initial treat- 
ment.®118 There was no relationship with 
sex, time-delay, status of the lymph nodes, 
or with age group as such. Regarding the 
presenting symptoms, patients presenting 
with bone or CNS invasion had the highest 
recurrence rate, 69 percent, as compared 
with the other groups with around 31 
percent,*:>7.1.13,14,17,18 Insofar as the site of 
the primary was concerned, the highest in- 
cidence of recurrence, $1 percent, was for 
tumors arising in the postero-superior wall 
as opposed to around 18 percent for the 
other groups.‘ According to extent of the 
primary, the incidence of recurrence was 
higher with increasing extent of the pri- 
mary, from 15 percent for T-1 to 60 percent 
for T-4.5:7.13 However, this rate of recur- 
rence 1s not exponential and it seems that 
it is rather unpredictable. Regarding the 
type of local spread, the highest incidence, 
74 percent, was for those tumors spreading 
superiorly to the base of the skull followed 
by the tumors spreading to the parapharyn- 
geal fossa, 42 percent, and then the oro- 
pharynx, 36 percent. According to histol- 
ogy, well-differentiated tumors had the 
highest incidence of recurrence, 68 percent, 
versus 41 percent for undifferentiated tu- 
mors in all stages.’ Regarding the dose in 
rets, I had the opportunity to compare pri- 
mary tumor control over a wide dose range 
(Table x111). In general the following facts 
emerged (Fig. 1): 


(1) 
(2) 
(3) 
(4) 


The lower the dose the higher the 
incidence of local recurrence. 

The lower the dose the earlier the 
recurrence. 

Below 1,600 rets, there was no con- 
trol of the primary. 


The NSD did not show good con- 
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TABLE XII 


OVER-ALL SURVIVAL OF PATIENTS IN YEARS 


—_—_—_— amaiiiħiħÃĂ 








5 Years 
Male/Well Differentiated Carcinoma 3 
Male/Undifferentiated Carcinoma 18 
Female/Well Differentiated Carcinoma 


Female/Undifferentiated Carcinoma 


me 


Total Cases 


Go 
to 


Percentage Survival 21 
Well Differentiated /Survival 15% 
Undifferentiated /Survival 23 








sistency regarding cure since even at 
very high doses failure®: 11.13.17.18 oç- 
curred (Fig. 1), but the general im- 
pression is that the higher the stage 
the higher the dose required in order 
to achieve cure. 


Lymph Node Recurrence. Eighty-seven 
percent of all lymph node recurrence ap- 
peared within the first two years after 
initial treatment.’ There was no relation- 
ship with sex, site of the primary, or extent 
of the primary, indicating the independent 
behavior of both primary and lymph node. 
There was also no relationship to the type 
of spread of the primary, the presenting 
symptoms, time-delay, or age group. Re- 
garding histology, the well-differentiated 
tumors had a higher incidence of recur- 
rence, 38 percent as opposed to eleven per- 
cent for undifferentiated tumors. A very im- 
portant relationship existed between nodal 
recurrence and extent of lymphatic inva- 
sion at the start of treatment, the inci- 
dence of recurrence increasing with imcreas- 
ing initial nodal stage from eleven percent 
for N-I to 52 percent for N-3.57.1,14,17,28 
Also an important relationship existed be- 
tween dose and recurrence. Comparing the 
effect over a broad dose range the follow- 
ing facts emerged (Fig. 2): 

(1) The lower the dose the higher the 

incidence of nodal recurrence. 

(2) The lower the dose the earlier the 

nodal recurrence. 
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TABLE XIII 
DISTRIBUTION OF CASES ACCORDING TO ENERGY AND TUMOR DOSE (IN RADS) 

Energy 2-3 ,000 3-4, 000 4-5 ,000 5-6 ,000 6-7 ,000 Total 
ca a OR a ie AN A re ee Re ene one 
nyt" 7 d5 38 39 14 113=74% 
SVTT I O 2 14 22 39=26% 





* HVT—High voltage therapy= 220 kv, 1.5 mm Cu half-value layer. t SVT—Supervoltage therapy = either Co6o teletherapy or 2 


mev roentgen therapy. 


(3) Below 1,400 rets, there was no con- 
trol of nodal disease. 

(4) The NSD did show that for N-o tu- 
mors doses between 1,500-1,700 rets 
are effective for 100 percent control. 

(s) The higher the degree of nodal inva- 
sion, the higher the dose required to 
achieve cure. 

(6) Well differentiated tumors seem to 
require higher dose than undifferen- 
tiated ones. 


Technique of Irradiation. Given the char- 
acteristics of this tumor it 1s understand- 


Primary Tumor 
O Control 
& Failure 





NSD 


able that the accuracy of the treatment 
technique plays a very important role in 
cure. Failure to assess the true extent of 
the tumor properly will obviously result 
in recurrence.}® 

Complications. The complications were 
related only to the extent of the primary, 
the extent of nodal disease, and the dose. 
Regarding the primary tumor the major 
complications were one case of brain ne- 
crosis (Stage Iv) treated with over 2,000 
rets, and one case of conduction deafness 
due to fibrosis in the space surrounding 
the levator palati muscle with partial 


00 

80 
z 

60 
LOCAL 


40 CONTROL 


Fic. 1. Probability of local tumor control versus NSD. 
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Fic. 2. Probability of local tumor control versus NSD. 


fixation of the soft palate. Minor compli- 
cations like xerostomia increased in severity 
and percentage as the dose increased as did 
varying degrees of ankylosis of the tem- 
poromandibular joints. Since most of these 
patients (Table x11) were treated for pal- 
lation only and mostly with orthovoltage, 
the incidence of complications is probably 
low. Complications in the neck were mostly 
related to the degree of nodal invasion, 
the histology of the tumor and the dose. 
The incidence of complications rose from o 
percent for N-o to ten percent for N-2 and 
were mostly in the form of fibrosis in the 
subcutaneous tissues. In N-3 the incidence 
rose to 17 percent and was mostly associ- 
ated with high dosage given in the form 
of either a boost dose to a smaller area or 
a permanent or temporary implant. In the 
majority of these cases the tumor was well- 
differentiated. 


DISCUSSION 
Trying to compare the results of dif- 


ferent reports is often very difficult since 
it is not clear in all of them what were the 
criteria used for staging or for eligibility 
for radical treatment, so that some element 
of selection of patients might favorably 
influence the results.!* Other inconsistencies 
are different staging classifications” and in- 
clusion of cases treated with both orthovolt- 
age and supervoltage, as in this series.*:4:9:18 

The five year survival according to stage 
related to nodal invasion (Table xiv) 
shows that at one end of the spectrum for 
T-1 N-o lesions the survival is 66 percent 
and at the other end T-4 N-o the survival 
is Oo. For T-1 N-2 the survival is still good, 
60 percent, and for T-4 N-2 is still o. With 
similar nodal invasion, the survival is a 
function of the stage of the primary. Nodal 
disease is more easily dealt with.‘ 


CONCLUSIONS 
Survival seems to be higher in adults, 
and lowest below the age of 20 years. It 
is also higher in those patients who had 
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TABLE XIV 


ws YEAR SURVIVAL ACCORDING TO STAGE RELATED TO LYMPH NODE INVASION 






Total 






Primary j 
Tı = 2/3 (66%) 0/0 3/5 (60%) | 1/9 (11%) | 6/17 (35%) 
© Ta | 4/10 (40%) | 2/3 66%) | 3/8 7%) | 1/140%) | 10/35 (28%) 
T3 | 4/17 (41%) | 1/5 (20%) | 1/16(6%) | 5/24 (20%) | 14/63 (22%) 
Ta o/13 (0%) | 0/3 (0%) | 0/8 (0%) | 2/1305%) | 2/37 (5%) 
Total 13/43 (30%) | 3/11 (27%) | 7/37 (18%) | 9/60 (15%) | 32/152 (21%) 





nodal disease as a presenting symptom. 3. Bercer, D. S., Fiercuer, G. H., LINDBERG, 
Undifferentiated tumors respond better R. B., and Jesse, R. H., Jr. Elective irradia- 


. tion of neck lymphatics for squamous cell car- 
than well-differentiated ones. Spread to cinomas of nasopharynx and oropharynx. Am. 


bone or to the central nervous system car- J. ROENTGENOL., RAD. THERAPY & NUCLEAR 
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arising on the postero-superior wall of the 4. Bomorguez, J. F. Influence of relationship 
nasopharynx. Whole neck irradiation is “Local Tumor Extent-Time” upon evolution 
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on innate biological characteristics which 1969, 705. 
seem to be independent of grading, either sx. Cuen, Kuanc Y., and Fiercuer, G. H. Malig- 
histologic or clinical. Treatment to the nant tumors of nasopharynx. Radiology, 1971, 
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DEFINITIVE TREATMENT OF CARCINOMA OF 
THE RECTUM BY INTRACAVITARY 
RADIATION THERAPY* 


By GWYNN JELDEN, M.D,, RANJIT DHALIWAL, M.D., ANTONIO RODRIGUEZ- 
ANTUNEZ, M.D., EDWARD CHERNAK, B.S., R. TURNBULL, M.D., 
VICTOR FAZIO, M.D., and FRANK WEAKLEY, M.D. 

CLEVELAND, OHIO 


ABSTRACT: 


A combination of external and contact irradiation treatment has been used suc- 
cessfully in treatment of selected patients with carcinoma of the rectum. The ad- 
vantages include eliminating a permanent colostomy. If the treatment is unsuccess- 
ful in controlling the lesion, electrocoagulation and abdominoperineal resection are 


still available. 
T published results by Jean Papil- 


lont- utilizing intra-cavitary contact 
radiation therapy in the treatment of early 
carcinoma of the rectum has provoked con- 
siderable controversy. Stimulated by the 
results in our clinic by Crile and Turbull! 
with local electrocoagulation of early carci- 
nomas of the rectum, we decided to start a 
trial program utilizing intracavitary irradi- 
ation. 

In almost all hospitals throughout the 
world the accepted definitive treatment for 
carcinoma of the rectum has been primary 
radical surgery despite the size of the 
tumor. The primary reason that surgery 1s 
the accepted treatment modality is the un- 
known status of lymph nodes that may 
contain potential metastatic disease. 

However, there is a highly select group 
of patients who may have small cancers in 
the range of 3.0 cm, may have medical con- 
traindications for surgery, may be elderly, 
or may flatly refuse to accept the lifetime 
inconveniences secondary to a radical sur- 
gical procedure. 

An alternate method in highly selected 
small cancers is local intra-cavitary radia- 
tion therapy with a Phillips contact unit. 
Since the status of regional lymph nodes is 
still unknown we have combined intra- 
cavitary local contact therapy with ex- 


ternal regional therapy. In a study by 
Dukes and Bussey? in patients with small 
superficial carcinomas with no local spread 
clinically, 14.2 percent had positive lymph 
nodes. In a controlled study Kleigerman 
et al.} using preoperative external radiation 
therapy, reduced the number of expected 
positive lymph nodes by one half. There- 
fore we feel that a combination of radiation 
therapy modalities is justified. 


TECHNIQUE 


Our method of delivering external radia- 
tion therapy utilizes a 10 mev linear ac- 
celerator. We deliver 2,400 rads in three 
days through two 45° posterior oblique 
ports using 45° wedges. There is a homoge- 
neous isodose distribution to the rectum 
and adjacent anatomy. Using the Ellis 
formula, 2,400 rads in three days 1s equiva- 
lent to 1,632 rets as compared to 1,560 rets 
for 5,000 rads protracted over five weeks. 
Clinical regression of tumor bulk has been 
observed using this method and in several 
instances over the past few years complete 
tumor regression has also been observed. 

After external therapy, three to four 
weeks are allowed for tumor regression and 
improvement of any radiation proctitis be- 
fore contact therapy is applied. Despite 
often dramatic reduction in tumor size, we 


* Presented at the Seventy-sixth Annual Meeting of the American Roentgen Ray Society, Atlanta, Georgia, September 30-October 
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feel that the pre-treatment size criterion of 
3.0 cm should be strictly adhered to for the 
combination treatment. No attempt is 
made to treat larger carcinomas by this 
program. 

Contact therapy is then applied with a 
Phillips contact unit. The contact unit has 
an energy of $0 kv, and an output of 1,000 
rads/min at 1.0 cm, and the roentgen tube 
is small enough to fit into a special recto- 
scope. Approximately go percent of the 
radiation is absorbed within 3.0 cm of 
tissue. The tumor is evaluated by digital 
examination to determine consistency and 
mobility, and by direct observation through 
a rectoscope. The diameter of the treat- 
ment cone is 3.0 cm. After precise localiza- 
tion, the roentgen tube is inserted into the 
rectoscope. Each treatment delivers a dose 
of 3,000 to 4,000 rads per treatment. 
Tumors treated by this method should be 
in the terminal 10.0 cm of the rectum. 

Patients have ordinarily required caudal 
anesthesia. The treatment can be done with 
an “in and out” hospital admission. The 
treatment is repeated in Io to 14 days fol- 
lowing the progressive clinical regression of 
carcinoma. The total dose required to ir- 
radicate a rectal carcinoma is in the range 
of 8,000 to 15,000 rads. 

Corresponding to the finding of Papil- 
lon,*:> polypoid, well to moderately differen- 
tiated carcinomas are the best responding 
tumors. From our surgical colleagues’ view 
point the primary advantage of local con- 
tact radiation therapy over electrocoagula- 
tion is that there is less stricture formation. 
Also there is less muscle destruction, par- 
ticularly on low lying lesions which cause 
debilitating pain. The rectal wall after 
treatment usually demonstrates fibrotic 
scars which occasionally have telangiectasis 
that may cause minimal bleeding. 


RESULTS 


In starting a trial program the problems 
of patient selection are evident. Over the 
past one and a half years we have treated a 
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total of nine patients with this technique. 
We have divided our patients into two 
groups. 

GROUP I. Radiation only. In this group 
five cases have been treated with radiation 
only using the combination of external and 
intra-cavitary therapy. Three of these pa- 
tients are free of disease ten, eleven, and 
twelve months after completion of treat- 
ment. 

Two patients were never free of tumor 
despite the treatment. Both patients had 
ulcerative rather than polypoid lesions. 
One had an abdominoperineal resection 
and was found to have extension beyond 
the area of contact therapy. The other pa- 
tient had electrocoagulation. 

GROUP II. Electrocoagulation and Radia- 
tion. In this group there are four cases in 
which electrocoagulation was combined 
with radiation. Radiation therapy was in- 
stituted when local recurrence after electro- 
coagulation became evident. Three patients 
are free of disease nine, ten, and twelve 
months after completion of treatment. 

One additional patient failed to have 
tumor control despite the combination of 
electrocoagulation and radiation therapy 
and therefore underwent an abdomino- 
perineal resection. 


CONCLUSION 


In conclusion, this type of local con- 
servative treatment for small carcinomas 
of the rectum appears to be a promising 
means of controlling this disease. We feel 
that this conservative treatment in no way 
jeopardizes the life of the patient provided 
there is close follow-up and good coopera- 
tion between colon and rectal surgeons and 
therapeutic radiologists. At any time if 
there is evidence of failure by progression 
of disease radical surgery can be carried 
out. 

We realize that our follow-up time is verv 
short but believe that in a selected group 
of patients definitive treatment cam be of- 
fered preventing the lifetime inconveniences 
of a permanent colostomy. 
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SERIAL STUDIES OF IMMUNOCOMPETENCE IN HEAD 
AND NECK CANCER PATIENTS UNDERGOING 
RADIATION THERAPY* 


By STEFANO STEFANI, M.D.,j RONALD KERMAN, Pu.D.,t and JOSEPH ABBATE, M.D.S 
HINES AND CHICAGO, ILLINOIS 


ABSTRACT: 


Studies of the immunocompetence of patients undergoing radiation therapy were 
carried out before and after treatment. The immunological evaluation is a valuable 
prognostic tool for patients with squamous cell carcinomas of the head and neck. 
The degree of immunoresponsiveness is not related to the stage of the primary 
tumor, but it definitely correlates with the extent of lymph node involvement. This 
evaluation may permit identification of those cases for which immunotherapy is 


indicated. 


MMUNITY may play an important role 

in the development of human cancers. 
According to some reports,!°!)*4 patients 
with lymphoproliferative malignancies have 
impaired delayed hypersensitivity responses 
and defects in lymphocyte function as mea- 
sured by i7 vitro assays. Furthermore, this 
impairment seems to increase with the pro- 
gression of the disease. Hersh eż a/.!* found 
strong correlation between pre- therapy im- 
munocompetence and prognosis in acute 
leukemia. 

The results of immunologic evaluation 
of patients with solid tumors are more 
varied and provide no clear correlation be- 
tween patient immunity and prognosis. 
While Eilber and Morton’ report impaired 
non-specific immunity in such patients, 
Catalona et al found that lymphocytes 
from patients with solid tumors have de- 
pressed responses to mitogenic challenge, 
other studies failed to show any such im- 
pairment in similar cases.1°:?! 

Delayed hypersensitivity has usually 
been measured by the patient’s response 
to common microbial skin test antigens 
and to de novo antigens such as dinitro- 


chlorobenzene (DNCB). Recently, evalua- 
tion of peripheral blood lymphocytes form- 
ing rosettes with sensitized or unsensitized 
sheep red blood cells (SRBC) has been 
added." These rosette-forming cells (RFC) 
are thought to represent thymus-derived 
lymphocytes (T cells) and bone marrow- 
derived lymphocytes (B cells), and their 
number has been correlated with host im- 
munocompetence.”'”! 

In the present study, we evaluated the 
immune competence of patients with head 
and neck cancers before and at various 
intervals after radiation therapy. We 
tested the patients with a battery of five 
microbial skin-test antigens and DNCB, 
and determined the total T and B-RFC 
lymphocytes in their peripheral blood. 
Correlations were made between the test 
responses and patient survival. 


MATERIAL AND METHOD 


PATIENTS 


We studied 29 male patients who had 
been referred to the Therapeutic Radiology 
Service with confirmed malignancies of 
head and neck. They ranged in age from 


* Presented in part at the Fifty-seventh Annual Meeting of the American Radium Society, Isla Verde, Puerto Rico, May 4-9, 1975. 

From the Therapeutic Radiology Service and Radiobiology Research Laboratory, Veterans Administration Hospital, Hines, Illinois, 
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34-70 with a mean of $9 years, and had not 
undergone any previous therapy. None of 
them showed evidence of distant metasta- 
ses at the time of TNM staging (UICC, 
1973). The standard protocol called for 
1,000 rads/wk over a period of*five to seven 
weeks (mean 6,164 rads) from a Cobalt-60 
source to the primary tumor and the re- 
gional lymph nodes. Tumors studied were 
squamous cell carcinomas arising from the 
following sites: nasopharynx (three), floor 
of mouth (two), alveolar ridge (two), tonsil 
(three), tongue (three), larynx (four), hypo- 
pharynx (nine), cervical esophagus (two), 
and metastatic neck lymph node with un- 
known primary (one). 

All patients had immunologic evalua- 
tions before and 30, 90, and 180 days after 
radiation therapy as an integral part of the 
clinical assessment of their disease. 

The control population consisted of 40 
healthy adult men between 22 and §8 years. 
None of them was known to have a disease 
which would alter their immune responsive- 
ness. 


IMMUNOLOGIC EVALUATION 


The non-specific general immunocompe- 
tence was evaluated by the following 
methods. 

Skin-Test-Antigen Response: The anti- 
gens used were: dermatophytin (1:30), 
dermatophytin-o (1:100) (Hollistersteir), 
streptokinase-streptodornase (50 units SK) 
(Lederle), mumps (Eli Lilly) and interme- 
Giate-strength tuberculin antigen (Parke, 
Davis). All were applied by intradermal 
inoculation in a volume of 0.1 ml through a 
27 gauge needle. We observed the reaction 
at 24 and 48 hours and recorded the aver- 
age in millimeters of the induration mea- 
sured at two right angles. Induration 
greater than § mm was considered positive 
and patients were considered positive re- 
sponders if they reacted positively to two 
or more of the five antigens. 

DNCB Contact Sensitivity: DNCB re- 
activity is measured by the spontaneous 
flare reaction which occurs at the site 
where the agent had been applied 14 days 
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before. Doses were 2,000 wg to the upper 
arm and 5o ug to the forearm. A flare at 
both sites by 14 days is scored 4+, at the 
2,000 yg site only, 3+. If neither site de- 
velops a flare after 14 days, a challenge 
of 50 ug is applied to the opposite forearm. 
A cutaneous hypersensitivity reaction at 
this new site within 48 hours is scored 2+. 
An equivocal reaction which requires 
biopsy for confirmation counts 1+ if the 
histological features of delayed cutaneous 
hypersensitivity are present. If no such 
changes are seen or if no other grossly visi- 
ble reaction occurs the subject is considered 
anergic. In practice, reactions at 3+ or 4+ 
are considered normal; below these values, 
abnormal or negative to DNCB, without 
further testing.? We adopted this alter- 
native. 

Rosette Forming Cell Assays: Freshly 
drawn venous blood was mixed with hepa- 
rin (20 units/ml) and layered onto a Ficoll- 
Hypaque gradient,’ and peripheral blood 
lymphocytes (PBL) were separated after 
centrifugation at 400 Xg for 40 minutes at 
room temperature. The PBL separated 
from the interface were carefully pipetted 
off, washed three times in Delbecco’s phos- 
phate buffered saline (PBS), pH 7.3, and 
brought to a final concentration of 2X 10° 
PBL/ml in PBS. 

SRBC were stored at 4°C in Alsevar’s 
solution (1/1) and used within seven to ten 
days of delivery. They were washed twice 
and adjusted to a 0.5 percent suspension in 
PRS, 

To measure the total T-RFC popula- 
tion, 0.25 ml (5 X10°) PBL was mixed with 
0.26 ml of 0.5 percent unsensitized SRBC 
and centrifuged at 200g for five minutes 
at room temperature and then incubated in 
an ice-water bath (4-8° C) for 60 minutes. 
After the cell pellets were gently resus- 
pended, a drop of suspension was placed 
onto a hemocytometer and the number of 
rosettes (three or more SRBC surrounding 
a lymphocyte) was counted. All tests were 
performed in duplicate and 200 or more 
lymphocytes were counted to determine 
the percentage of total T-RFC.¥ 
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As a test for B-RFC, 5 ml of a five per- 
cent solution of washed unsensitized SRBC 
were incubated for 30 minutes at 37° C 
with § ml of rabbit anti-SRBC sera diluted 
1/2,500 in PBS. The cells were washed 
three times and resuspended in 5 ml of 
PBS. Five ml of a 1/10 dilution of mouse 
sera were added and the suspension incu- 
bated for 30 minutes in a 37° C water bath. 
The sensitized SRBC were washed and 
adjusted to a o.ç percent final concentra- 
tion in PBS, containing o.o1 M Na 
HEDTA to inhibit rosette formation by 
contaminating neutrophils and mono- 
cv tes,?: 18. 19,22 

For the B-RFC assay, 0.25 ml (5 X 10°) 
PBL was mixed with 0.25 ml of 0.5 percent 
sensitized SRBC, centrifuged at 200 X g for 
two minutes at room temperature and then 
incubated for 30 minutes in a 37° C water 
bath. The cell pellets were resuspended by 
vigorous mixing and the B-RFC were 
counted as described before. When unsensi- 
tized SRBC were tested as controls, no or 
few rosettes formed. 

Absolute numbers of RFC were deter- 
mined by calculating the corresponding 
total and differential leukocyte counts. The 
results are reported as the mean percentage 
or absolute number/mm? of RFC +1 stan- 
dard error of the mean. The statistical dif- 
ferences of the groups studied were deter- 
mined by comparison of the standard error 
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viduals counting rosettes were unaware of 
the source of the sample, the skin test and 


DNCEB results. 


RESULTS 


The findifes of the skin tests are pre- 
sented in Table 1. Seventy-two percent of 
the patients reacted positively to two or 
more of the skin-test antigens before radia- 
tion therapy and 80 percent responded to 
at least one of the five agents (data not 
shown). The percentage of positive skin 
test responsiveness rose slightly 30 days 
after the completion of radiation therapy, 
but a marked decline was seen at go and 
180 days after treatment. Only 61 percent 
of our patients responded positively to 
DNCB before radiation therapy. This re- 
sponsiveness decreased markedly after- 
wards. 

Table 11 shows how our patients, classed 
according to their clinical staging, re- 
sponded to common skin test antigens and 
to DNCB before radiation therapy. While 
the degree of this responsiveness revealed 
no relationship to the stage of the primary 
tumor, it definitely correlates with the 
extent of lymph node involvement. 

Figure I compares the estimated survival 
rates, calculated by the Kaplan-Meier 
formula, of patients with positive and nega- 
tive responsiveness to microbial antigens 
before radiation therapy. The difference is 








of the difference between means. Indi- statistically significant (P<o.oo1) and 
TABLE Í 
DELAYED HYPERSENSITIVITY RESPONSES IN PATIENTS WITH HEAD AND 
NECK CANCERS BEFORE AND AFTER RADIATION THERAPY (RT) 
Microbial Antigens DNCB 
Therapy Status No. +* No. +* 
—— Percent + — Percent + 
No. Tested No. Tested 
Before RT 21/29 72 14/23 61 
30 Days Post-RT 18/22 82 9/21 43 
90 Days Post-RT 9/17 53 "Fia 50 
180 Days Post-RT 9/15 60 6/13 46 


* Positive response to 2 or more out of § microbial skin test antigens. 
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TABLE II 


PRE-RADIATION THERAPY DELAYED HYPERSENSITIVITY RESPONSE TO COMMON SKIN TEST 
ANTIGEN AND DNCB ACCORDING TO TNM CLASSIFICATION (UICC—I973) 











Skin Test Response 


DNCB Response 





Staging * No. (+)* No. (+)* 
— Percent — Percent 
No. Tested No. Tested 
Tia, Nou Mo 12/12 100 6/8 nig 
Tia, Nz—3 Mo 7/16 44 7/14 50 


* Positive response to 2/5 or more skin test antigens. 
p g 


shows that patients with positive responses 
have a better survival. As for DNCB, our 
patients with positive response had a better 
survival rate but the difference between the 
two groups was not statistically significant 
(data not shown). 

Table 11 compares the total T-RFC of 
controls and patients before and after ra- 
diation therapy. The controls had a mean 
percent of 63.2 and a mean absolute num- 
ber of 1,745/mm?. For the cancer patients 
the level was significantly lower before and 
after therapy by both percent (P <o.0o!) 
and absolute number (P<o.0o01). The 
values after therapy were markedly lower 
than before, both in percent (P <o.05) and 
in absolute number (P <o.001). 

Table 1v compares the B-RFC of con- 
trols and patients before and after radia- 
tion therapy. The controls had a mean per- 
cent of 15.5 and a mean absolute number 
of 428/mm*. The patients had a signifi- 
cantly lower pre- and post-therapy level 
by both percent (P<o.o1) and absolute 
number (P <o.oo1) than controls. The ab- 
solute numbers, but not percentage of B- 
REC, decreased (P <o.01) after radiation 
therapy. 

Table v shows patient survival as a func- 
tion of pre-therapy absolute numbers of 
total T- and B-RFC. Within each of these 
categories the data are arranged according 
to their values below or above the median 
RFC value (874/mm* for T-RFC and 
1¢2/mm? for B-RFC). For both categories, 


patients with a total number of RFC 
above the median showed better survival 
results. According to the Kaplan-Meier 
formula, the difference in survival was sta- 
tistically significant (P<o.o1) for the B- 
RFC but not for the T-RFC. 


DISCUSSION 


Our findings indicate that untreated pa- 
tients with head and neck cancers are less 
likely than normals to respond to recall 
microbial skin test antigens. This agrees 
with the study by Lundy ef a/.® which 
showed positive responses to these antigens 
in only 38 percent of patients with squa- 
mous cell carcinomas of head and neck. 
Eilber et a/.,8 on the other hand, reported 
positive responses in 63 percent of their 
patients, however these authors had in- 
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Fic. 1. Estimated survival rate (by the Kaplan- 
Meier formula) in patients with positive or nega- 
tive skin test responses to microbial antigen. 
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TABLE III 


TOTAL T-RFC OF HEAD NECK CANCER PATIENTS BEFORE AND AFTER RADIATION THERAPY (RT) 
i a 
sss eos aa u iaaa 


Percent Total pb 


Absolute No. Total 





Group Number T RFCa T-RFC/mm* p» 
S E E er A E 
Controls 40 63, ie a E x Per ET — 
Pre-Radiation Therapy (RT) 29 (PR e t e T ba <0.00I 888 + 42° <0.001 
30 Days Post-RT 22 42.6+1.9%4 <0.001 419+48te <0.001 
g0 Days Post-RT 17 44.8+2.94 <0.001 503 +884 <0.001 
180 Days Post-RT IS 46.92.59 <0.001 398 +752 <0.001 


see tie 


a Mean +1 standard error of the mean. 

> Significance of 2 sample (unpaired) t-test. 
© Values differ significantly, P <o.os. 

d Values not significantly different. 

e Values differ significantly, P <o.0o1. 


cluded other histologic types of primary 
malignancies in addition to squamous cell 
carcinomas. 

Only 61 percent of our patients re- 
sponded positively to DNCB before radia- 
tion therapy, whereas 96.5 percent of the 
normal controls can be sensitized to it by 
the method used in this study. In the study 
mentioned above, Eilber eż a/.8 found posi- 
tive responses in 56 percent of patients 
with squamous cell carcinomas of head and 
neck. If the spread of the disease is indeed 
associated with lowered responsiveness,” 9:16 
the results are rather disturbing as most 
head and neck cancers metastasize only to 
the regional lymph nodes. 

Are these reactions related to the TNM 
stage of the disease? We have found that 
the response differed significantly with the 
extent of nodal involvement, but not of the 


primary tumor. One might further specu- 
late whether the loss or reduction of cyto- 
cidal capability of the regional lymph 
nodes and the subsequent tumor coloniza- 
tion are not an indication (or perhaps the 
consequence?) of a compromised immune 
Status. 

Our results indicate that skin test re- 
sponse to microbial antigens has an excel- 
lent prognostic value, patients with pre- 
therapy positive responses having signifi- 
cantly better survival than the other group. 
On the other hand, we could not detect a 
statistically significant difference with re- 
gard to DNCB response although patients 
reacting positively to this test did have a 
better survival. However, in a more ex- 
tensive study, Eilber and Morton’ found 
that patients with positive DNCB response 
had a much better survival than the others. 


TABLE IV 


B-RFC OF HEAD AND NECK CANCER PATIENTS BEFORE AND AFTER RADIATION THERAPY 








Absolute No. 





Group Number Percent B-RFC* p B-RFC /mm* > 
iin crime lenin aces 
Controls 40 15.5+0.80 428+22 —— 
Pre-Radiation Therapy (RT) 29 11.7+0.90° 0.01 193+26¢ 0.001 

30 days Post-RT 22 I2,.1+1.30° 0.01 124+24%4 0.001 
90 days Post-RT 17 i i Pr de a O g O.OI 144+26° O.O01 
180 days Post-RT 15 17, 625.30" 0.01 itera O.COI 


eee 


a Mean +1 standard error of the mean. 

b Significance of 2 sample (unpaired) t-test. 
© Values not significantly different. 

d Values differ significantly, P <o.o1. 
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TABLE V 
SURVIVAL AS A FUNCTION OF THE ABSOLUTE NUMBER OF TOTAL T-RFC AND B-RFC 
(Follow-up: More than 6 and less than 15 months.) 
Total T-RFC* B-RFCT 
e  ~<874/mm? >874/mm? <152/mm* >152/mm? 
Alive free of disease 6 II 5 12 
Alive with disease A O 2 I 
Expired 5 3 7 I 





* 374/mm?= median number total T-RFC. 
t 152/mm?= median number B-RFC. 


The percentage as well as the absolute 
number of T-RFC was distinctly lower in 
our patients than in the controls. This lends 
additional strength to the hypothesis that 
cancers in the head and neck area are asso- 
ciated with a depressed immunologic pro- 
file. While Potvin et al. noted a decided 
drop in both percentage and absolute num- 
ber of T-RFC in 22 untreated cases of 
squamous cell carcinoma of the head and 
neck, we also observed a depression of the 
absolute number of B-RFC in such cases, 
a fact that has not been previously re- 
ported. Although most other investigators 
show only the percentages of the total T 
and B-RFC, we have presented percent- 
ages and absolute numbers since we con- 
sider both as important. 

The post-therapy decline in immune re- 
sponsiveness we observed might have been 
due to the normal progression of the ma- 
lignancy; we attribute it, however, to ra- 
diation-induced immunosuppression 1n view 
of the relatively short interval between ir- 
radiation and the drop in response (30-90 
days). Reports on the effect of radiation 
therapy on the immune response are 
equivocal: Stjernsward et al. and Meyer” 
observed marked and prolonged lympho- 
penia in their patients after local radiation 
therapy. Stjernsward ef al. also noted a 
decreased lymphocyte response to phyto- 
hemagglutinin (PHA), and reduced T-RFC 
and increased B-RFC following irradiation. 
Byfield eż al? reported a similar decrease 
after radiation therapy. McCredie and 
associates,!8 however, found an increased 


i 


proliferative response of lymphocytes to 
PHA in patients with carcinoma of the 
breast or the uterine cervix. Other investi- 
gators concluded that radiation therapy 
did not adversely effect immune response 
to either microbial skin test antigens” or 
DNCB" in patients with cancers involving 
various organs. 

Our study confirms that pre-therapy 
immunocompetence has good prognostic 
value in patients with malignant disease, 
as Hersh et al? have also found. Patients 
with positive pre-therapy responses and 
higher numbers of total T and B-RFC 
evidently have a better chance for survival. 
An interesting question to consider is how 
much immunocompetence is required; for, 
even though patients with greater than 
median numbers of total T- and B-RFC 
showed good prognosis, many of them still 
had significantly lower values than the 
controls. 


Stefano Stefani, M.D. 
Therapeutic Radiology Service 
Veterans Administration Hospital 
Hines, Illinois 60141 
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HEMANGIOPERICYTOMA: REPORT OF THREE CASES 
REGARDING ROLE OF RADIATION THERAPY* 
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ABSTRACT: 


The experience in treating three patients with hemangiopericytoma is reviewed. 
One patient was given irradiation alone, and the others were both treated with 
surgery and irradiation. Our experience reinforces reports of the usefulness of irra- 
diation in treating this neoplasm and its metastases. 


EMANGIOPERICYTOMA was first 

described by Stout and Murray® in 
1949. It has been shown to originate from 
Zimmerman’s pericytes associated with the 
lumen of the blood vessels. Connective tis- 
sue silver stain shows these pericytes to be 
extraluminal, differentiating it from he- 
mangioendothelioma.’ 

Reported cases indicate that the disease 
occurs in either sex and at all ages, al- 
though more commonly in the middle age 
groups. The clinical presentation varies de- 
pending upon the location of tumor, and it 
cannot be differentiated from other soft 
tissue neoplasms roentgenographically. The 
presence of calcification suggests angio- 
sarcoma. Final diagnosis rests with the 
histopathologic examination. 

The treatment of hemangiopericytoma 
remains controversial, since insufficient 
data are available from the different mo- 
dalities adopted. The present cases high- 
light the role of radiation therapy in this 
disease. 


REPORT OF CASES 


Case 1. S.N., a ten year old boy, came in 
August, 1972 with a history of progressive 
swelling over the left scapula of 15 months’ 
duration (Fig. 1; and 2). Swelling started 
rapidly, increasing in size in two months. On 
examination the mass measured 15X15 cm in 
size with a globular shape. It was soft in con- 
sistency, non-tender, and the overlying skin 
was ulcerated and hemorrhagic. There was no 


lymphadenopathy. Roentgenography revealed 
a soft tissue mass (Fig. 3). Other investigations 
were non-contributory. Biopsy revealed malig- 
nant hemangiopericytoma (the histology will be 
described later). The patient was subjected to 
telecobalt therapy at 60 cm SSD and was 





Fic. 1. Growth overlying left scapular region with 
area of fungation and hemorrhage. Whitish areas 
are produced by counter irritants applied by the 
untrained village healer. 


*From the Departments of Radiotherapy and Radiation Medicine,t Pathology,t and Surgery,§ Institute of Medical Sciences, 
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Fic. 2. Lateral view of Figure 1. 


treated by two fields: medial and lateral. A 
tumor dose of 4,500 rads was delivered be- 
tween September 8 and October 4, 1972. The 
tumor showed remarkable regression in size at 
2,000 rads (Fig. 4-6) and the biopsy was 
reviewed to confirm the diagnosis. After treat- 
ment, a small area which had earlier fungated 
was given deep therapy at ṣo cm SSD and a sur- 
face dose of 1,500 rads in five days, after which 
he was released for regular follow-up. 

On January 5, 1974, he complained of pain 





Fic. 3. Soft tissue swelling seen on roentgenogram. 
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in the left thigh. Roentgen study did not reveal 
any bony metastasis. On February 26, 1974, 
he presented with a lump in the suprapubic 
region which was hard, fixed, and non-tender. 
Examination now showed destruction of the 
pubic bone. eHe was given  telecobalt-6o0 
therapy to the pelvis by two parallel opposing 
fields and a tumor dose of 4,500 rads was given 
in four weeks. The lump regressed following 
treatment. A follow-up intravenous pyelogram 
performed a month later was normal. Climeally 
he was normal and his general condition im- 
proved. However, he again came to the hospital 
on June 7, 1974, with pain and swelling in the 
left clavicle. 

A chest roentgenogram showed a large round 
opacity in the right lung (Fig. 7). The clavicle 
was irradiated with 1,000 rads in two days and 
the lung was treated by two parallel opposing 
fields to a mid-line dose of 3,000 rads between 
June 10 and June 27, 1974. Follow-up study 
showed dissolution of chest metastasis (Fig. 8). 
On August 2, 1974, a tender lump appeared in 
the right lumbar region and he was put on 
Cyclophosphamide 50 mgm three times a day. 





Fic. 4. Post irradiation photographs showing marked 
regression of tumor. 
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His condition has been deteriorating since No- 
vember, 1974. 


Case 11. N.D., a 26 year old female, presented 
with a history of pain and a small swelling on 
the lateral aspect of the left thjgh for three 
years. She was operated elsewhere and excision 
biopsy was reported as round cell sarcoma. Ap- 
parently well for approximately three years fol- 
lowing surgery, she reported with a local recur- 
rence of swelling which also was excised on June 
29, 1974. She developed two nodules in the left 
inguinal region four months later. Excision bi- 
opsy this time from our hospital was reported as 
hemangiopericytoma (to be described later). 
She was put on radiation therapy to the lateral 
aspect of the left thigh. A dose of 4,000 rads was 
applied in three weeks time with telecobalt-60. 
On her last follow-up on May 22, 1975, she did 
not have any evidence of disease. 


Case ut. R.B., a 48 year old male, came with 
a history of progressively increasing swelling in 
the left axillary region of three years’ duration. 
There was no other symptom. 





Fic. 5. Post irradiation photograph showing marked 
regression of tumor. 
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Fic. 6. Post irradiation roentgenogram showing 
marked regression of tumor. 


The mass measured 13X15 cm in size with 
firm consistency and well defined margins. It 
moved from side to side. 

Excisional biopsy done in May, 1975 was 
was reported as malignant hemangioper!- 
cytoma. 


_— 





Fic. 7. Metastasis in right lung. 
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Fic. 8. Post irradiation roentgenogram of F igure 7. 


He was given postoperative radiation therapy 
through a 15X8 cm direct field to the left chest 
wall, with telecobalt-60 at 60 cm SSD. The 
surface dose of 4,300 rads was fractionated 
over 16 days. 

The patient has been doing well three months 
after completion of treatment and is being 
followed. 


MICROSCOPIC PATHOLOGY 


Since multiple sections from all the 
three cases show similar appearances (Fig. 
9; and Io), they are described together. 
The tumor is richly cellular and is com- 
posed of non-neoplastic capillaries, the 
majority of which are small, insignificant, 
and compressed, visualized better on silver 
staining. These collapsed and non-collapsed 
capillaries are surrounded by a sheath of 
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Fic. 9. Low power photomicrograph showing a longi- 
tudinally cut vessel in the center, surrounded by 
monomorphic round tumor cells. Note fair number 
of tumor cells undergoing mitosis. 
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reticulum separating them from the tumor 
cells. The tumor cells are round, ovoid, or 
spindle in shape, pale staining, and dis- 
posed in whorls or mantles. The cells pos- 
sess a vesicular nucleus which is large and 
prominent. Mitotic figures form a promi- 
nent feature in all the cases and areas of 
necrosis are also seen. Morphologically, the 
diagnosis of hemangioendothelioma, a re- 
lated tumor, was ruled out by the char- 
acteristic reticulin pattern, while that of 
glomangioma, by the absence of neural 
elements. Similarly a diagnosis of chemo- 
dectoma or vascular leiomyoma was not 
entertained on histologic and clinical 
grounds. 


DISCUSSION 


The role of radiation therapy in heman- 
giopericytoma is still debatable. There are 
few reports on its efficacy as an adjunct to 
surgery or chemotherapy. 


O’Brien eż a/.’ in their series up to 1959 
reviewed 24 cases of hemangiopericytoma. 
They found the tumor to be most common 
in the 4th decade of life. They did not re- 
port any case in children. All their patients 
were treated by surgery, and in four pi- 
tients roentgen-ray therapy was given in 
conjunction with surgery. These cases did 
not show any beneficial effects of combin- 
ing these two modalities. Kent® observed 
two cases who were subjected to radiation 
therapy. He reported favorable initial re- 





Fic. 10. A higher power view showing the details of 
morphology of tumor cells. Note mitotic figures. 
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sponse. Kauffman and Stout‘ in a large 
series of 307 cases reported only ten percent 
(31 cases) in the pediatric age group and 
mentioned the important and efficacious 
role of radiation therapy in the treatment 
of this neoplasm in addition® to surgery 
which is the treatment of choice when the 
disease is localized. 

Friedman and Egan? are of the opinion 
that local control of hemangiopericytoma 
in adults can be obtained with 7,500 to 
9,000 rads administered over a period of 
30 to 60 days. Mujahed eż al. reviewed the 
world literature regarding the treatment of 
hemangiopericytoma and noted a high per- 
centage of recurrence following surgical 
removal, whereas radiation therapy offered 
better results. We concur with the observa- 
tions of Mujahed eż al. Case 1 did not show 
any local recurrence of disease treated by 
radiation therapy, though developed me- 
tastases which also responded well to radia- 
tion treatment. In contrast, Case 11 showed 
recurrences at the local site following sur- 
gery, also responding well to radiation 
therapy. It is too early to comment upon 
Case 111, but he has been doing well without 
any signs of recrudescence of disease. 

Though the available data are scanty, 
from limited experience, it appears that 
surgery, combined with radiation therapy 
can give better results. Radiation therapy 
can be given preoperatively to reduce the 
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size of growth and also reduce bleeding. 
Chemotherapy does not seem to have any 
beneficial effects.!:%" 


Harbans Lal, M.D., D.M.R.T. 

Centre of Radiotherapy and Radiation Medicine 
Institute of Medical Sciences 

Banaras Hindu University 
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CONGENITAL ABSENCE OF THE DUCTUS VENOSUS: 
WITH DIRECT CONNECTION BETWEEN THE 
UMBILICAL VEIN AND THE DISTAL 
INFERIOR VENA CAVA* 


By JOHN C. LEONIDAS, M.D.,t and RICHARD A. FELLOWS, M.D. 


KANSAS CITY, MISSOURI 


ABSTRACT: 


Umbilical vessel catheterization in a neonate with Noonan’s syndrome disclosed 
a unique developmental anomaly of the umbilical vein. There was no evidence of a 
ductus venosus nor any connection between the vein and the portal hepatic venous 
system. The umbilical vein instead entered the inferior vena cava directly at the 
level of the iliac veins. There was a single umbilical artery. 


ONGENITAL anomalies of umbilical 
vessels are quite rare, with the excep- 
tion of single umbilical artery which occurs 
in approximately one percent of all de- 
liveries.2° In recent years umbilical vascu- 
lar catheterization has assumed a very im- 
portant role in the care of the critically ill 
newborn infant, and there has been a great 
interest in the anatomy of these vessels.!:3 
Roentgenographic localization of catheters 
has served to identify visceral anomalies.! 
In the case presented here, roentgeno- 
graphic recognition of abnormal catheter 
position led to identification of a unique 
congenital anomaly of the umbilical venous 
system. 


REPORT OF A CASE 


CasE 1. A 2,600 gm, 34 week gestation female 
infant was admitted on the first day of life 
because of mild respiratory distress. Pregnancy 
was marked by hyperemesis gravidarum, a 
weight gain of 11 kg and ankle edema. The 
mother received, during her pregnancy, ampi- 
cillin, propoxyphene hydrochloride (Darvon), 
and an oral iron preparation. Labor and de- 
livery were uncomplicated. 

At birth the infant presented several stigmata 
of the Turner phenotype. Subsequently a nor- 
mal female karyotype established the diagnosis 
of Noonan’s syndrome. 

On admission a catheter was introduced into 
what was thought to be one umbilical artery. 


Anteroposterior and lateral roentgenograms ob- 
tained for evaluation of the chest as well as 
catheter position revealed mild cardiomegaly. 
The catheter followed the course of the um- 
bilical artery, initially descending toward the 
pelvis, then ascending anterior to the spine. 
It terminated, however, anteriorly within the 
cardiac silhouette, in a position consistent with 
that of the right atrium (Fig. 1). This course 
was unexplained. The umbilical stump was 
examined carefully to resolve the possibility of 
a vascular anomaly. Three vascular orifices 
were seen, one of which contained the catheter 
mentioned above. An additional catheter was 
introduced into each of the other two orifices 
and advanced with ease. Roentgenograms were 
exposed in the anteroposterior and lateral 
projection (Fig. 2). All three catheters were 
initially observed to follow the course of the 
umbilical artery. One remained in a preverte- 
bral position throughout its length, indicating 
an aortic location, terminating in the thoracic 
aorta. The third catheter terminated in a posi- 
tion suggesting that it was in an iliac vessel. 
No catheter followed the normal anterior 
course of the umbilical vein.!3 In the frontal 
view two catheters were superimposed to the 
left of the midline. To further clarify these 
findings, 3 ml of Hypaque 76 percent were in- 
jected into the catheter terminating close to the 
umbilicus and to the left of the midline (Fig. 2, 
catheter No. 2). Films showed opacification of 
a normal inferior vena cava (IVC) draining 
into the right atrium (Fig. 3). They also con- 
firmed that the very first catheter (No. 1, Fig. 
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1. and 2) was in the IVC. It was concluded that 
there was a single umbilical artery and that 
two umbilical veins joined in the umbilical 
stalk and then followed a markedly abnormal 
course draining into the lower part of the IVC. 

The patient improved within afew days and 
was discharged. A cardiac murmur was detected 
daring a clinic visit and was thought to repre- 
sent mild pulmonary stenosis. 


DISCUSSION 


Paired umbilical veins appear at the end 
of the 2nd embryonic week carrying blood 
from the capillaries of the chorion to the 
heart. Initially they enter the common 
cardinal veins which join the sinus venosus. 
Later on the umbilical veins fuse with the 
veins of the primitive gut, the omphalo- 
mesenteric veins, which drain caudally into 
the sinus venosus. With the development 
of the liver in this area, the original um- 
bilicalcomphalomesenteric venous anasto- 
mosis is converted into a multitude of ves- 
sels dispersed among the cell cords of the 
lrver.!!8 This network has two afferent and 





Fic. 1. Initial lateral roentgenogram showing the 
position of the first catheter (indicated by number 
1). Note anterior termination at the level of the 
junction between the inferior vena cava and right 
atrium. 
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Fic. 2. (4) Anteroposterior roentgenogram following 
catheterization of all umbilical vessels. (B) Lateral 
roentgenogram. Catheter 1 remains unchanged, 
catheter 2 follows an umbilical arterial course and 
its termination is uncertain (ileal vessel’), and 
catheter 3 is obviously an arterial catheter termi- 
nating in the thoracic aorta. 





Fic. 3. Injection of contrast material through cathe- 
ter 2 opacifies the inferior vena cava and the right 
side of the heart. Catheter 1 is also contained in 
the inferior vena cava. It is evident that the two 
umbilical veins join each other in the umbilical 
stalk and then proceed to directly connect with 
the inferior vena cava. 


two efferent veins called venae advehentes 
and venae revehentes hepatis respectively.’ 
Through the development of larger anasto- 
moses and atrophy of others, a single vena 
advehens hepatis forms, the precursor of 
the portal vein. Shift of blood flow along 
some channels leads to enlargement of 
these and disappearance of others, with 
eventual atrophy of the right umbilical 
vein, as well as atrophy of the most cranial 
portion of the left umbilical vein. Now 
blood from the placenta flows exclusively 
through the proximal left umbilical vein 
into the portal system and through the 
latter into the sinus venosus.’ Further in- 
crease of blood return from the placenta 
creates continuous dilatation of the intra- 
hepatic anastomoses that offer the shortest 
route; they finally fuse to form the ductus 
venosus.’ 

After the 3rd embryonic week venous re- 
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turn from the trunk and extremities is 
carried out through the system of the 
paired anterior and posterior cardinal 
veins into the sinus venosus. The former 
eventually become the superior vena cava 
(SVC) andeits tributaries. The posterior 
cardinal veins partly disappear and partly 
fuse with the subcardinal veins, which 
form between the sth and 8th week of ges- 
tation in close relationship to the develop- 
ing mesonephros. A second major set of 
embryonic veins, the supracardinal or lat- 
eral sympathetic veins, forms dorsal and 
medial to the posterior cardinal veins 
around the 7th week. Cross connection of 
the posterior cardinal, supracardinal and 
subcardinal veins forms the IVC,‘ the 
upper part of which also receives blood 
from the ductus venosus. 

In the case described here, the umbilical 
veins entered the distal IVC near the iliac 
veins. This is a unique vascular anomaly 
and any explanation will have to be specu- 
lative. Informal presentation to various 
groups has not elucidated the question. 
Professor Lind® suggested that through 
unknown causes of embryonic maldevelop- 
ment the umbilical veins in this instance 
failed to incorporate with the omphalo- 
mesenteric venous system. The resulting 
block to venous return from the placenta 
led to the opening of new vascular channels 
through anastomosis to the supracardinal 
or posterior cardinal components of the 
IVC. We believe this to be the most reason- 
able explanation. 

In a related case reported by White and 
colleagues dilated superficial abdominal 
veins developed in a neonate following fail- 
ure of the “critical anastomosis” between 
the omphalomesenteric and umbilical ve- 
nous systems. In this manner placental 
venous return was re-routed to the SVC. 
Monie® commented on a case of a stillborn 
infant whose umbilical vein entered the 
right atrium directly without passing 
through the liver. These two cases may 
suggest persistence of the early develop- 
mental connection of the umbilical veins to 
the common cardinal veins. Multiple con- 
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genital anomalies’ and a single umbilical 
artery® seem to be associated findings in 
these rare abnormalities of the umbilical 
venous system. 

To our knowledge umbilical venous 
anomalies are not part of N8onan’s syn- 
drome, although other cardiovascular mal- 
formations are common in this entity.!° 


John C. Leonidas, M.D. 
Department of Radiology 
Children’s Mercy Hospital 
24th and Gillham Road 
Kansas City, Missouri 64108 
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ANEURYSMAL BONE CYST OF THE ORBIT WITH 
UNUSUAL ANGIOGRAPHIC FEATURES* 


By A. M. O’GORMAN, M.B., F.R.C.P.(C),+ and T. H. KIRKHAM, F.R.C.S.t¢ 


MONTREAL, QUEBEC 


ABSTRACT: 


A 14 month old boy with sudden onset of proptosis of the left eye due to an 
aneurysmal bone cyst of the orbit is reported. Sequential plain films of the orbital 
region demonstrated changes ranging from subtle loss of bone definition of the or- 
bital margin to the characteristic appearance of an aneurysmal bone cyst twelve 
months later. Arteriography at the time of the initial evaluation demonstrated pro- 
longed retention of the contrast medium which we believe represents changes sec- 
ondary to the number of giant cells present in the tumor rather than the relative 
vascularity of the lesion. While aneurysmal bone cyst of the orbit is extremely rare, it 
should be included in the differential diagnosis of proptosis in the pediatric age group. 


A NSUKT MAL bone cyst rarely in- 
volves the skull bones? and fewer than 
ten patients with proptosis from this cause 
have been reported.®!° Although 80 percent 
of aneurysmal bone cysts occur before the 
age of 20 years, they are extremely rare in 
infants? and the youngest reported to date 
with orbital involvement was a five year 
old girl. We report here a 14 month old 
boy with an aneurysmal bone cyst of the 
orbit, presenting with painless proptosis, 
in whom the angiographic features differ 
significantly from previous reports where 
angiography of the orbital lesion was ob- 
tained.*:1° We wish to emphasize that, even 
in infancy, aneurysmal bone cyst of the 
orbit should be considered in the differen- 
tial diagnosis of proptosis. 


REPORT OF A CASE 


A 14 month old boy was admitted for investi- 
gation of an atypical febrile convulsion in 
March, 1974. Nothing unusual was found at 
that time but three weeks later the boy was 
seen again because of the sudden, dramatic 
appearence of left proptosis. General physical 
examination revealed no other abnormalities. 
The vision, pupillary responses and visual fields 
were normal as far as could be ascertained in 
this age group. There was left proptosis of 4mm 
and the eye was directed downwards and 
outwards. All the extraocular movements of the 


left eye were limited, particularly elevation. 
Fundus examination was normal and did not 
reveal evidence of posterior indentation of the 
globe. 

Routine laboratory studies were normal. 
“B”-mode ultrasound scan of the left orbit 
suggested a solid, space occupying lesion in the 
superior medial quadrant of the orbit extending 
into the retrobulbar space medially, the mass 
measuring 15X17 mm in size. 

Orbital roentgenograms (Fig. 1) in March, 
1974 showed loss of definition of the superior 
medial margin of the left orbit with minimal 
increase in size of the left orbit. One month 
later in April, 1974 (Fig. 2), there was definite 
loss of the lamina papyracea of the left ethmoid 
sinus and further cortical loss of the left supe- 





Fic. 1. Waters’ projection in March demonstrates 
loss of definition of the cortical margin at the 
superior medial aspect of the left orbit (arrow). 
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rior medial margin of the orbit. A subsequent 
common carotid arteriogram demonstrated a 
well demarcated circular mass lesion measuring 
approximately 2X2 cm in size with a diffuse 
increase of opacification located within the 
bony orbit with its posterior pole located 
behind the expected site of the choroidal blush 
of the eye. The ophthalmic artery was normal 
in caliber but was stretched and displaced 
inferiorly and laterally (Fig. 3; and 4). No sup- 
ply from the external carotid artery was de- 
tected. There was some early venous filling in 
the arterial phase and the dense blush persisted 
into the late venous phase (Fig. 5). 

The lesion was totally excised via a supero- 
medial approach. A tense, plum colored, mass 
lesion was encountered lying superomedially j in 
the orbit above the globe and extending behind 
the globe medially. The lesion appeared well 
encapsulated. A needle was inserted into the 
lesion and 2 ml of straw colored fluid, appearing 
like old blood, was aspirated. No bleeding was 
encountered and the mass lesion was excised 
piecemeal. The tissue was extremely friable 
and jelly-like and no undue bleeding was en- 
countered throughout the procedure. 

Histologically there was abundant evidence 
of hemorrhage with many hemosiderin laden 
giant cells, fibroblasts, and bone formation 
within the lesion which was interpreted as 
being a reaction to a previous hemorrhage. No 
evidence of any pre-existing vascular malforma- 
tion was found. The pathological diagnosis was 
that of aneurysmal bone cyst. 

The proptosis and restriction of eye move- 
ments did not completely resolve following the 
surgical procedure and follow-up roentgeno- 
grams of the orbit in March, 1975 showed a 
more characteristic appearance of an aneurys- 
mal bone cyst. At this time there was further 
expansion of the bone superiorly and laterally 





Fic. 2. Waters’ projection in April demonstrates 
further loss of the superior medial cortical margin 
(upper arrow). There is now also some loss of the 
left lamina papyracea (lower arrow). 


Aneurysmal Bone Cyst of the Orbit 897 





Fic. 3. Lateral view of early arterial phase eles 
ied film showing inferior displacement of the 
ophthalmic artery (arrow) and rapid increase in 
density in the posterior orbital region. 


with a cystic appearance and a thin sclerotic 
margin (Fig. 6). 
DISCUSSION 


The sudden onset of rapid progressive 





Fic. 4. Anteroposterior view in the early arterial 
phase demonstrating stretching, with inferior and 
lateral displacement, of the ophthalmic artery 
(arrow). 





Fic. 5. Lateral view of late arterial phase, with sub- 
traction, showing very marked and well demar- 
cated increase in density outlining the orbital 
mass lesion (arrows). No branches from the ex- 
ternal carotid contribute to the lesion. 


proptosis in infancy leads to the suspicion 
of a malignant orbital tumor such as rhab- 
domyosarcoma. The extremely rapid de- 
velopment of proptosis in our case of an- 
eurysmal bone cyst was paralleled by that 
of Fite et al. where 8 mm of proptosis was 
present after eight days. The rapidity of on- 
set could possibly indicate that there had 
been hemorrhage into a pre-existing lesion 
such as a hemangioma to produce the sudden 
expansion in size of the mass, conceivably 
due to minor unrecognized trauma at the 
time of the seizure. However, pathologi- 
cally in our case there was no evidence of any 
recognizable pre-existing lesion and this 
was also the experience of a study of 95 
ċases 

Aneurysmal bone cyst receives its name 
from its dramatic “blown-out” roentgeno- 
graphic appearance.’ This benign tumor is 
usually found in the ends of long bones but 
at times in the midshaft. Aneurysmal bone 
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cyst tends to affect older children, adoles- 
cents, and young adults, and it is reported 
that 80 percent of cases occur before the 
age of 20 years.!° The characteristic roent- 
genographic changes are seldom seen when 
the flat boes of the calvarium are in- 
volved.2 Most commonly the cyst arises 
within bone, causing an expansion and 
buckling of the intracranial and especially 
the orbital surfaces of the frontal bone. In 
our case, tomography in April, 1974 might 
have been useful to demonstrate a lateral 
wall of the bone cyst. The cyst has been 
shown by tomography to be extra-osseous 
in type, presenting as a soft tissue tumor 
adjacent to the bone and eroding to the 
bone surface.* 8 

It is well recognized that arteriography 
is not often rewarding in the differential 
diagnosis of bone tumors. Arteriography in 
our patient was undertaken to determine 
the extent of the lesion and to obtain an 
indication of its vascularity prior to sur- 
gical excision. Common intra-orbital tu- 
mors in children include sarcoma, għoma, 
neuroblastoma, and hemangioma, and mass 
lesions which may occupy the supero- 
medial quadrant of the orbit include muco- 
cele, sphenoid meningioma, and rhabdo- 
myosarcoma. Juvenile angiofibromas may 
extend from the nasopharynx or nasal 
cavity into the orbit. Sarcoma, neuro- 
blastoma, hemangioma, and angiofibroma 
usually show increased vascular supply 
with vascular contributions from the ex- 





Fic. 6. Waters’ projection one year after the initial 
roentgenogram demonstrates a somewhat “blown- 
out” lesion with a now well defined thin rim 
(arrows). 
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ternal carotid artery.? Mucoceles and 
gliomas of the optic nerve are usually quite 
avascular. In our case the sharply defined 
area of contrast medium accumulation, 
with a regular contour without increased 
vascular supply but exhibitirfy a diffuse 
increase in density during the capillary and 
venous phase, suggested a benign process. 
There exists a small group of benign bone 
neoplasms such as benign giant cell tumor, 
aneurysmal bone cyst, non-osteogenic fi- 
broma, and the localized destructive le- 
sions of osteitis fibrosis cystica which may 
have a normal or slight increase in the 
arterial supply and which show increased 
ability to retain contrast medium without 
any other arteriographic criteria of a ma- 
lignant condition.!! 

Lindbom eż al.8 found large arteries lead- 
ing to aneurysmal bone cysts and Abrams! 
illustrated a case of aneurysmal bone cyst 
of the dorsal part of the 5th lumbar verte- 
bral body where the arterial phase appeared 
to be normal and in which the late reten- 
tion of contrast medium in the well circum- 
scribed opacified lesion was quite similar 
to our case. 

In previously reported cases of aneu- 
rysmal bone cyst of the orbit where angiog- 
raphy was performed, the lesion was essen- 
tially avascular in contrast to our case. 
The case of Powell and Glaser!® showed 
only elevation of the middle cerebral ves- 
sels consistent with a large extracerebral 
middle fossa lesion which was avascular, 
and that of Costanini et a/. showed a large 
frontal avascular area in both the arterial 
and venous phase. 

The opinion prevails that the opacifica- 
tion is related to the increased number and 
size of small vessels in the tumor.!! How- 
ever, Schobinger and Stoll,? comparing 
the histologic appearance of benign tumors 
exhibiting prolonged retention of Urokon 
and Hypaque, suggested that the degree of 
retention parallels the number of giant 
cells present rather than the relative vascu- 
larity of the lesion. There was no increase 
in the number or caliber of feeding vessels 
in our case and therefore, we believe that 


Aneurysmal Bone Cyst of the Orbit 


899 


the increased vascularity and retention of 
contrast medium were due to the number 
of giant cells present rather than the rela- 
tive vascularity of the lesion. 


T: H. Kirkham, F.R:C.S. 
Department of Ophthalmology 

The Montreal Neurological Hospital 
3801 University Street 

Montreal, Quebec 

Canada 
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VERTEBRAL SARCOIDOSIS* 
A CASE REPORT AND REVIEW OF THE LITERATURE 


By PHILIP A. BRODEY, M.D., tt} STEPHEN PRIPSTEIN, M.D.,+ 
GERALD STRANGE, M.D.,§ and NEVEA D. KOHOUT, M.D.| 


SAN FRANCISCO, CALIFORNIA o 


HE true incidence of bone involve- 

ment in sarcoidosis is unknown. The 
reported incidence of osseous involvement 
in systemic sarcoid ranges from five percent 
to 36 percent.®: 105 Typically, the lesions 
involve the small bones of the hands and 
feet. Lesions involving the skull,!!2161 
long bones,*:* large joints? and vertebral 
bodies!:?:4:7:141819 have been described but 


are infrequent. 

The purpose of this paper is to describe 
a case of vertebral sarcoidosis. This is the 
eighth case in the English literature in 
which vertebral body abnormalities in 
sarcoid are described and the fifth case in 
which antemortem diagnosis by biopsy of 
the vertebral body was made. 


REPORT OF A CASE 


Case 1. M.H. is a 35 year old, Black, female 
nurse, admitted to Mt. Zion Hospital for the 
first time on November 4, 1974. Initial com- 
plaints were increasing back pain for the last 
two months with pain radiating into her right 
hip and down the posterior aspect of her right 
leg. Her past medical history was unremarkable. 

Physical examination revealed normal 
straight leg raising bilaterally to 90°, no pain 
with increased dorsoflexion, and a negative 
Patrick’s sign. There was no muscle fascicula- 
tion nor muscle atrophy. The deep tendon 
reflexes were normal. There was no area of 
paresthesia or dysesthesia noted. There was no 
lymphadenopathy nor hepatosplenomegaly. A 
routine SMA-12 was normal except for per- 
sistently elevated serum calcium levels. Renal 
function was normal as were white blood cell 
and hemoglobin studies. The sedimentation 
rate was elevated to 33 mm/hr. A test of compli- 
ment fixation to coccidiomycosis was negative, 
and a skin test for tuberculosis was negative. 
A urinalysis was normal as was cerebrospinal 


fluid examination. Roentgen examinations in- 
cluded plain films of the lumbar spine which 
revealed a destructive lesion involving the an- 
tercinferior aspect of the L3 vertebral body 
with adjacent sclerosis and with narrowing of 
the disk space (Fig. 1). Tomograms were ob- 
tained showing destruction of the antero- 
inferior margin of L3 with adjacent sclerosis 
and disk space narrowing (Fig. 2). There was 
no paraspinal mass. A chest examination was 
normal. A myelogram showed defects compati- 
ble only with a herniated disk. An aortogram 





Fic. 1. Destructive lesion of the anteroinferior por- 
tion of the body of L3 vertebra with adjacent 
sclerotic reaction. Disk space at L3-L4 is nar- 
rowed. 


* From the Departments of Radiology,t and Pathology,|| Mt. Zion Hospital, U.C.S.F. Medical Center, San Francisco, California. 
t Clinical Instructor, Department of Radiology, U.C.S.F. Medical Center. 


§ Attending Orthopedic Surgeon. 
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TABLE | 


REPORTED CASES OF VERTEBRAL SARCOIDOSIS 








Part of | Vertebral Disk Para- Chane 
Author Type of Lesion Vertebral Body spinal |Symptoms k 
Body Involved Space Mass X-Ray 
Berk and Brower?* | Destructive with sclerotic margin | Body L- Normal None Present | Lymphade- 
and L-5 nopathy- 
pedicles parenchymal 
changes 
Goodbar et al.™* Destructive with collapse Body T-11 Normal None Present | Parenchymal 
changes 
Rodman et a/.4* Destructive Body T-11 and T-12| Narrowed | None Present | Hilar lymph- 
adenopathy 
and parenchy- 
mal change 
Zener et al.19* Destructive with sclerotic margin | Body T-9 Normal T spine | Present | Normal 
(T9), sclerotic (L2) L-2 Normal only 
Present case* Destructive with sclerotic margin | Body L-3 Narrowed | None Present | Normal 
Baldwin eż al.) Destructive with sclerotic margin | Body T-8 Narrowed | Present | Present | Lymphade- 
nopathy 
Bloch eż al. Destructive with sclerotic margin | Body T-11 and T-12 | Narrowed | None Present | Lymphade- 
nopathy 
Young and Laman’ | Sclerotic Body Cervical Normal None None Lymphade- 
and through nopathy 


pedicles | lumbar 


* Vertebral body biopsied for diagnosis. Chart includes only cervical through lumbar vertebrae. 


in both anteroposterior and cross-table lateral 
positions was normal as was a bone scan. An 
open surgical biopsy of L3 included several 
lymph nodes. The microscopic examination 
revealed noncaseating granulomatous changes 
in these lymph nodes. Special stains done on the 
tissues obtained included stains for acid fast 
bacilli and fungi. These were negative. Bac- 
teriological cultures were obtained and these 
also were negative. The pathologic diagnosis 
was consistent with sarcoidosis. 


DISCUSSION 


The typical roentgenographic changes of 
osseous sarcoid involving the small bones 
of the hands and feet consist of cystic areas 
or a lace-like, coarsely trabeculated pattern 
of the medullary portion of the involved 
bone.® Recently, osteosclerotic lesions 
have been reported in sarcoid.*:%!8 De- 
structive lesions involving large joints also 
have recently been described.’ 

Vertebral sarcoidosis is usually a lytic or i 
destructive process with marginal sclerosis Fic. 2. Tomogram of L3, showing same findings. 
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that involves one or more vertebral bodies 
which may or may not be adjacent. The 
disk space is usually preserved. The de- 
structive form of vertebral sarcoidosis is 
limited to the thoracic and lumbar spine. 
In the described osteosclerotic form of 
vertebral sarcoidosis, cervical spine in- 
volvement also occurred. The body of the 
vertebra is typically involved but the 
process can extend into the pedicles. A 
soft tissue mass may be associated with the 
destructive process. Symptoms are invari- 
ably present with the destructive form. 
Chest abnormalities, including parenchy- 
mal changes with or without hilar adenop- 
athy, are not always present, as in this 
case. 

Table 1 gives a review of the literature 
and the pertinent associated findings. 

Differential diagnoses would include 
tuberculous, fungal, or pyogenic osteo- 
myelitis, Hodgkin’s disease, and metastatic 
carcinoma. Tuberculosis results in de- 
struction of the vertebral body and ad- 
jacent disk space leading to collapse and 
spinal deformity. A soft tissue mass, with 
or without calcification, may be present. 
Hodgkin’s disease may cause erosion of the 
anterior margins of the vertebral body. 
Metastatic disease typically involves the 
pedicles, spares the disk space, and does 
not have marginal sclerosis. 

Biopsy is necessary to make the defini- 
tive diagnosis. 
Philip A. Brodey, M.D. 
Department of Radiology 
Mount Zion Hospital and Medical Center 
1600 Divisadero Street 
Post Office Box 7921 
San Francisco, California 94120 
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EXTRA-ABDOMINAL DESMOID OF THE AXILLARY 
TAIL MIMICKING BREAST CARCINOMA* 


By LESTER KALISHER, M.D., JOHN A. LONG, M.D., and ROBERT G. PEYSTER, M.D. 


BOSTON, MASSACHUSETTS 


a 
ABSTRACT: 


A case is reported of an extra-abdominal desmoid tumor presenting as an axillary 
tail breast mass. This represents the third reported case and the first description of 
the roentgenographic findings of this entity. That this tumor can be confused with 


carcinoma of the breast is emphasized. 


rF 1832 McFarland described a benign 
appearing, locally invasive lesion which 
subsequently was named desmoid tumor 
(desmos, banding together) by Müller.’ 
Since that time numerous reports of extra- 
abdominal desmoid (EAD) have been de- 
scribed in various anatomic locations. How- 
ever, in reviewing the world literature, 
there have been only two reported cases of 
extra-abdominal desmoid presenting as a 
breast mass. 

A patient referred to the Massachusetts 
General Hospital was discovered on xero- 
mammography to have an axillary tail 
mass. Roentgenographically this lesion 
mimicked an infiltrating ductal carcinoma, 
yet histologically proved to be a benign, 
locally invasive desmoid tumor. This case 
is reported in detail to (a) call attention to 
the presentation of this tumor as a breast 
mass; (b) show that the lesion may mimic 
breast carcinoma roentgenographically, yet 
appear benign histologically; and (c) pro- 
vide the first roentgenologic description of 
this entity. 


REPORT OF A CASE 


A 50 year old white woman noticed a mass in 
her left breast three months prior to admission. 
It was thought to be fibrocystic disease. None- 
theless a xeromammogram was obtained, 
which showed an ill-defined stellate mass in the 
upper outer quadrant roentgenographically 
consistent with an infiltrating ductal carcinoma. 
The patient was admitted for a biopsy and 
possible mastectomy. Past history included 
tonsillectomy and adenoidectomy, and two 


pregnancies. No family history of breast cancer 
or desmoid tumor was elicited. 

The patient’s abnormality was confined to 
the left breast. A poorly defined subcutaneous 
mass was felt in the upper outer aspect of the 
axillary tail near the chest wall. It was not 
adherent to either the skin or chest wall. It was 
nontender and firm, measuring 3X5 cm. No 
axillary lymph nodes were found. Laboratory 
studies were within normal limits. 

The chest roentgenogram was negative. The 
xeromammogram of the left breast demon- 
strated an ill-defined, spiculated 2 cm mass with 
apparent skin retraction located in the upper 
outer quadrant (Fig. 1; and 2). It was felt to 
represent an infiltrating ductal carcinoma. 

At operation a piece of firm, slightly gritty tan 
fatty tissue measuring 0.5 cm in diameter was 
removed. The pathologist suggested on frozen 
section that the lesion represented a fibroma. 
Because of the unexpected pathologist’s report, 
the upper outer quadrant was carefully ex- 
plored, and nothing resembling a discrete neo- 
plasm was found. Two months later, repeat 
xeromammography was performed, and the 
lesion was no longer present. The tissue was 
then sent to the Massachusetts General Hos- 
pital for review, and additional sections of the 
block were cut. The report from the Massa- 
chusetts General Hospital showed that the 
lesion represented an extra-abdominal desmoid 
with focal muscle invasion (Fig. 3; and 4). 


DISCUSSION 


In 1832, MacFarlane® described two 
fibrous tumors in the abdominal muscula- 
ture. Müller! is credited with providing the 
name “desmoid” to this group of tumors, 
alluding to their band-like or tendon-like 


* From the Departments of Radiology, Massachusetts General Hospital and Harvard Medical School, Boston, Massachusetts. 


903 


904 





Fic. 1. An irregular spiculated mass can be seen in 
the axillary tail (upper outer quadrant of the left 
breast). Note its close relationship to the pectoralis 
muscle. 


appearance. Bennett described three fibrous 
tumors in extra-abdominal sites in 1849; 
the description would appear to conform to 
that of desmoid tumors.’ Nichols!® was the 
first to apply the name desmoid to the tu- 
mors occurring in extra-abdominal loca- 
tions which seemed identical to those aris- 
ing from the abdominal parietes. 

Desmoid tumors are usually oblong and 
irregular firm masses with their long axis 
parallel to that of the muscle and fascia 
from which the tumors arise. They present 
a trabeculated, rubbery gray to yellowish 
white cut surface. Microscopically, the tu- 
mor consists of fibrous tissue with occa- 
sional normal mitotic figures that invade 
adjacent muscle, often isolating islands of 
muscle. The engulfed muscle undergoes al- 
terations in morphology, including the for- 
mation of muscle giant cells which have 
been confused with tumor giant cells.‘ It is 
occasionally difficult to differentiate a 
desmoid tumor from a mature fibrosarcoma 
on a histological basis.? 

The two major theories of etiology of 
desmoid tumors consider trauma?* and 
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hormonal causes.!:?9%14 The traumatic the- 
ory is most widely accepted, with external 
trauma, the physiological trauma of labor, 
and trauma related to previous surgical in- 
cisions having been implicated. Heredity 
has been cited as a possible etiological fac- 
tor.":* Desmoid tumors have been asso- 
ciated with Gardner’s syndrome." 

Desmoids usually present as a mass 
noticed by the patient, occasionally asso- 
ciated with a dull, aching pain.®° If a nerve 
is entrapped by the tumor, more severe 
pain can ensue.’ Desmoids are more fre- 
quent in women, with women accounting 
for from 60 percent to go percent of these 
tumors in several series.!'*:47-9 Patients range 
in age from 18 months to 72 years, with an 
average age of about 40 years.‘6 91,1 

Desmoid tumors are rare, representing 
from 0.013 percent to 0.13 percent of all 
neoplasms. Those occurring in extra- 
abdominal sites are less common than 
those arising from the abdominal wall.?2:+7:9. 
The literature contains only two reports of 
an EAD presenting as a breast mass!® 14 
with several other desmoids occurring in 
relation to the pectoralis major muscle.>46 1 
The roentgenographic appearance of an 
EAD in the breast has not been previously 
described. 


Wide excision is the treatment of choice, 





‘SA 


Fic. 2. Close up of Figure 1. Muscle fibers can be 
seen near the mass. The irregular malignant ap- 
pearance is better appreciated on this picture. 
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the extent depending on various fac- 
tors.:23.79 The role of radiation therapy 
when complete excision is not feasible 1s 
controversial, most authors not including 
radiation in their treatment.?:#1° The effi- 
cacy of hormonal therapy i8 not estab- 
lished.*? 

The prognosis for survival with desmoid 
tumors is excellent, although a few fatal 
cases due to involvement of vital structures 
have been reported.’ It is generally held 
that these tumors do not undergo sarcoma- 
tous degeneration?*;*" despite two reports 
to the contrary.*: There are rare reports of 
spontaneous regression of desmoids.”* The 
-major clinical problem with desmoids 1s 
their tendency to recur with frequenctes 
ranging from 11.8 percent to 64.5 percent 
in several series.24:7" Desmoids do not 
metastasize.” ®’ 7’ 

Infiltrating ductal carcinoma, fat necro- 
sis, and scar from previous surgery can 
present xeromammographic findings identi- 
cal to an EAD in the axillary tail. The 
EAD in this report was believed to be a 
breast carcinoma based on its clinical and 
roentgenographic presentation. The pathol- 
ogist’s report of fibrous tissue on frozen 
section was surprising and caused the sur- 
geon to forestall the radical mastectomy 
that he had planned. The importance of 
recognizing this conflicting triad of find- 





Fic. 3. Low power view of portion of mass, com- 
posed of dense, hypocellular fibrous tissue. 
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Fic. 4. High power view of lesion. Hypocellular 
fibrous tissue has dissected between bundles of 
muscle as well as individual muscle fibers. 


ings in directing the appropriate therapy 
cannot be overemphasized, and it is hoped 
that EAD will be considered when such an 
unexpected report is returned by the pa- 
thologist from the biopsy specimen. 


Lester Kalisher, M.D. 
Department of Radiology 
Massachusetts General Hospital 
Boston, Massachusetts 02114 
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IS NUCLEAR MEDICINE IN ‘TROUBLE? 


HYSICIANS in the field of nuclear 

medicine are troubled that many of its 
recent scientific advances are not being 
used effectively for patient care. Until re- 
cently, the United States was the most pro- 
gressive country in applying nuclear tech- 
niques to clinical medicine, but now this 
distinction is passing to other countries. 
Why is this happening? 

Nuclear medicine in the United States is 
succumbing to what Daniel P. Moynihan! 
calls “the sickness of overgovernment.” In 
radiology, it is ironic that the degree of 
escalation of bureaucratic control is in- 
versely proportional to the radiation dose 
involved. Radiation therapy with its high 
exposure levels is relatively free of regula- 
tory supervision, whereas diagnostic radio- 
pharmaceuticals which impose far less ex- 
posure are controlled by many agencies. In 
some states, the number of governing agen- 
cles is greatest for in vitro procedures 
which expose the patient to no radiation at 
all! Similarly, the degree of regulatory con- 
cern bears no relation to the quantity of 
drug administered. The radiologist is rela- 
tively free to administer large doses of 
contrast media for angiography but is 
restricted in administration of miniscule 
amounts of radioactive compounds which 
are not on the “‘established”’ list. 

Transfer of primary jurisdiction over the 
use of new radiopharmaceuticals from the 
Atomic Energy Commission to the Food 
and Drug Administration has been com- 
pleted under recent federal law.? Neverthe- 
less, the United States Nuclear Regulatory 
Commission (successor of the AEC) con- 
tinues to retain some licensing control in 
“nonagreement states.” Thirty-three 
“agreement states” and New York City 
have separate regulatory powers over 


licensing and radiopharmaceutical use. 
Moreover, many states now require nuclear 
medicine facilities to become licensed and 
to submit quarterly reports to their labora- 
tory bureaus, resulting in still further dupli- 
cation of regulatory control. Still more 
regulatory legislation is in the formative 
stage, including state licensing of nuclear 
technologists and a federal law governing 
hospital radiopharmaceutical operations.? 
Over a one year period in the state of New 
York, our radiology department was in 
communication with 32 separate regulatory 
bodies, including governmental agencies 
and other groups governing training pro- 
grams and accreditation. A disproportion- 
ate amount of this paperwork was con- 
cerned with diagnostic radiopharmaceuti- 
cals. 

The future of nuclear medicine in the 
United States will depend to a great extent 
on how rigidly the new FDA laws are 
interpreted. If they are administered over- 
zealously, the development of new radio- 
pharmaceuticals could become prohibitively 
expensive. A few excellent new agents, 
already in clinical use in Europe, will prob- 
ably never become available here because 
of the excessive costs of new drug applica- 
tions. Our leadership in the development 
and application of radioactive agents is 
being lost to Japan and Europe, as has 
already occurred in the development of 
antibiotics and other stable drugs. 

The current “regulatory crisis” in nu- 
clear medicine is unrelated to any increase 
in radiation risk or incidence of adverse 
reactions. There has been no thalidomide 
episode for radiopharmaceuticals to justify 
the bureaucratic escalation. Indeed, the 
incidence of untoward reactions from 
radioactive drugs has remained excep- 
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tionally low.’ Long-lived radionuclides such 
as 2H and ®Sr, with their attendant high 
radiation dosage, have been replaced by 
more effective short-lived agents—in the 
course of progress, not by bureaucratic 
intervention. i 

The current situation in nuclear medi- 
cine exhibits the classical signs* of bureau- 
cratic pollution which, like chemical pol- 
lution, begins slowly but increases insidi- 
ously and eventually endangers its sub- 
jects. Because of public concern about 
radioactivity and the potential risk of real 
overexposure to radiation, some degree of 
governmental regulation is essential; how- 
ever, the number of regulations has esca- 
lated to the point where the public will not 
benefit by further unbridled expansion. 

Satisfactory standards for all phases of 
medical care can never be achieved through 
regulatory agencies alone. Recently, we 
have experienced uncontrolled growth of 
bureaucratic costs together with severe 
cutbacks in research and educational 
grants, particularly in the radiological 
sciences. Public funds might better be spent 
restoring support for research and training 
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of personnel rather than for replicating 
regulatory bodies. 

Ponderous state and federal laws govern- 
ing radioactivity urgently need revision to 
relieve the current administrative mess. 
Why can’t we have just one regulatory 
agency at the federal level and just one at 
the state level? Why can’t the existing 
agencies approve radiopharmaceuticals al- 
ready known to be safe? How do we get out 
of the regulatory jungle? 

Joun G. McAFEE 


State University of New York 
Upstate Medical Center 
Syracuse, New York 13210 
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NEW ORLEANS RADIOLOGY SOCIETY 


The New Orleans Radiology Society 
presents the fourth annual Spring Roentgen 
Conference at the Marriott Hotel, New 
Orleans, Louisiana, May 6-8, 1976. 

The distinguished faculty will present 
material especially for the radiologists 
doing general diagnostic radiology. The 
intent is to provide one and one-half days 
of concentrated instruction and, for those 
so inclined a magnificent social program. 

The program is co-sponsored by the 
American College of Radiology and meets 
the criteria for 12 hours credit in Category 1 
for the Physician’s Recognition Award of 
the American Medical Association. 

For further information, please contact: 
Abner M. Landry, M.D., New Orleans 
Radiology Society, P. O. Box 19024, New 
Orleans, Louisiana 70179. 


ANGIOGRAPHY IN THE ACUTELY 
ILL PATIENT 

A Course in “Angiography in the Acutely 
Ill Patient” sponsored by the Department 
of Radiology, St. Vincent’s Hospital and 
Medical Center of New York will be held 
at the Hotel Commodore, New York, New 
York, May 12-14, 1976. 

Numerous advances have been made in 
recent years in the field of angiography, 
both in technique and equipment, and 
therapeutic applications. Emphasis will 
be placed on summarizing this information 
and presenting it so that these techniques 
may be applied at all levels of radiology 
practice, but specifically to community 
hospital radiology practice. 

The Guest Faculty will include Chiefs of 
Cardiovascular Radiology from major New 
York and European centers of angiography. 
The importance of “interventional” radi- 
ology in the community hospital will be 
stressed. Demonstration of catheters, tech- 
niques, and other specifics will be presented 
via panel discussion, audience participa- 


tion and workshops in the angiography 
suites in thé afternoon of May 14. Partici- 
pation in the workshops will be limited 
due to space and early registration is sug- 
gested. 

This course has been approved for 1 5 
hours of Category 1 ACR credit. 

For further information, please write to: 
Barry T. Katzen, M.D., Chief, Cardio- 
vascular Radiology, St. Vincent’s Hospital 
and Medical Center of New York, 153 
West 11th Street, New York, New York 
IOOII. 


15TH ANNUAL RADIOLOGICAL SYMPOSIUM 


The Tel Aviv University School of Medi- 
cine, The Municipal Medical Center of Tel 
Aviv and Jaffa and the Israeli Medical 
Society announce the 1sth Annual Radio- 
logical Symposium to be held in a Kib- 
butz Guest House near Jerusalem and in 
the Ichilov Hospital in Tel Aviv, Israel, 
June 9-11, 1976. 

The Annual Rigler Lecture will be de- 
livered by Dean Sherman Mellinkoff of the 
University of California, Los Angeles on 
the subject of Medical Education. Addi- 
tional subjects to be presented by a dis- 
tinguished faculty from Israel and the 
United States are: Education in Roentgen 
Diagnosis; Oncological Research and Diag- 
nosis; and Roentgen Pathologic Correla- 
tions. 

For further information, please contact: 
Professor S. Schorr, Ichilov Hospital, Tel 
Aviv, Israel. 


SEMINAR IN DIAGNOSTIC 
ULTRASOUND 

The Montreal General Hospital and 
McGill University will present a Seminar 
in Diagnostic Ultrasound to be held at the 
Holiday Inn, Montreal, Quebec, Canada, 
June 24-26, 1976. 

For further information, please contact: 


The Postgraduate Board, The Montreal 
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General Hospital, 650 Cedar Avenue, 
Montreal, Quebec, Canada H3G 144. 


REFRESHER COURSE IN PHYSICS 
AND RADIOBIOLOGY 

The College of Physicianse& Surgeons, 
Columbia University, New York, will pre- 
sent a refresher course in physics and ra- 
diobiology for residents in radiology, May 
10-14, 1976. 

This course is designed specifically for 
radiology residents preparing for the 
boards. Topics include physics of radio- 
diagnosis, nuclear medicine, and radiation 
therapy. 

For more information, please contact: 
Jose M. Ferrer, M.D., Associate Dean, 
Columbia University, College of Physicians 
& Surgeons, 630 West 168th Street, New 
York, New York 10032. 


ACOUSTICAL IMAGING AND 
HOLOGRAPHY 

The Seventh International Symposium 
on Acoustical Imaging and Holography 
will be held in Chicago, Illinois, August 30- 
September 1, 1976. 

This three day symposium will serve as a 
forum for uniting all aspects of ultrasonic 
visualization. Papers will be presented on 
new techniques, theories, devices, appli- 
cations and practical achievements for 
producing images by means of ultrasonic 
energy. Examples of topics covered are 
pulse echo and continuous wave imaging 
techniques, acoustic lens systems, shadow 
imaging, acoustical holography and recon- 
struction, real time and slow time tech- 
niques, computer aided reconstruction, 
image enhancement and tomography. 

This year’s symposium will focus on 
common aspects of imaging systems appli- 
cable over a broad frequence range from 
kilohertz to gigahertz and a broad applica- 
tion range from medicine, non-destructive 
testing, microscopy, underwater viewing 
and seismic mapping. 

Call for Papers. Abstracts of candidate 
papers should be in the hands of the chair- 
man prior to the deadline, May 14, 1976. 
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Submit 10 copies, plus the original, 200 
word maximum. For details on abstract 
preparation and further information, please 
contact the chairman: Dr. Lawrence W. 
Kessler, Sonoscan, Inc., 752 Foster Avenue, 
Bensenville, Illinois 60106. 


CURRENT CONCEPTS IN RADIATION 
THERAPY 

The Department of Therapeutic Radi- 
ology and the Office of Continuing Medical 
Education of the University of Minnesota 
Medical School announce the annual Con- 
tinuation Course in “Current Concepts in 
Radiation Therapy” to be held in the Mayo 
Auditorium, May 5-7, 1976. 

The course is designed primarily for 
therapeutic radiologists, general radiolo- 
gists and residents. As in the past, an 
outstanding guest faculty has been as- 
sembled for the course under the direction 
of Dr. Seymour H. Levitt, Professor and 
Head, Department of Therapeutic Radi- 
ology. This guest faculty is as follows: 
Luther W. Brady, M.D., Philadelphia, 
Pennsylvania; William L. Caldwell, M.D., 
Madison, Wisconsin; Ronald A. Castellino, 
M.D., Stanford, California; Luis Delclos, 
M.D., Houston, Texas; Norah Du V. 
Tapley, M.D., Houston, Texas; Gilbert H. 
Fletcher, M.D., Houston, Texas; Leonard 
L. Gunderson, M.D., Salt Lake City, 
Utah; David H. Hussey, M.D., Houston, 
Texas; Carlos A. Perez, M.D., St. Louis, 
Missouri; Marvin M. Romsdahl, M.D., 
Houston, Texas; and J. Taylor Wharton, 
M.D., Houston, Texas. The remainder of 
the faculty will include members of the 
teaching staff of the University of Min- 
nesota Medical School. 

For further information, please contact: 
Office of Continuing Medical Education, 
Nolte Center for Continuing Education, 
University of Minnesota, Minneapolis, 
Minnesota 55455. 


AMERICAN ASSOCIATION OF PHYSICISTS 
IN MEDICINE 

The American Association of Physicists 

in Medicine Summer School, “Physics of 


Clinical Nuclear Medicine” will be held in 
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Lexington, Kentucky, July 24-29, 1977. 

For further information, please contact: 
Guy H. Simmons, Ph.D., Nuclear Medi- 
cine Department, Veterans Administra- 
tion Hospital, Lexington, Kentucky 40407. 

The 19th Annual Meeting will be held 
in Cincinnati, Ohio, July 31-August 4, 
1977. 

For further information, please contact: 
James G. Kereiakes, Ph.D., F555 Medical 
Sciences Building, University of Cincinnati, 
Cincinnati, Ohio 45267. 


RADIATION PHYSICS AND BIOLOGY 
A five day Refresher Course in Radia- 
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tion Physics and Biology will be given by 
the Department of Radiology of the New 
York University Medical Center in the 
Alumni Hall, Classroom B, May 3-7, 1976. 

This course is preparatory for written 
and oral exfminations in Diagnostic Radi- 
ology and Nuclear Medicine. 

The course is accredited for 30 hours of 
Category 1. 

For further information, please contact: 
Miss Jean Carpenter, Office of the Re- 
corder, Room 4-44N, LHB, New York 
University Post Graduate Medical School, 
550 First Avenue, New York, New York 
10016. 
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Attas or Hanp RaprocrapHs. By Philip 
Jacobs, T.D., D.M.R.D., F.R.C.P., F.F.R., 
Consultant Radiologist, RoyaleOrthopaedic 
Hospital, Birmingham, Birmingham General 
Hospital, Birmingham Accident Hospital, 
and Warwickshire Orthopaedic Hospital for 
Children; Clinical Lecturer in Radiology, 
University of Birmingham, England. Cloth. 
Pp. 246, with 300 illustrations. Price, $24.50. 
University Park Press, Chamber of Com- 
merce Building, Baltimore, Md. 21202, 1973. 

Tue Hanp ın RapioLocic Diacnosis. By 
Andrew K. Poznanski, M.D., Professor of 
Radiology, The University of Michigan; Co- 
Director of Pediatric Radiology, C. S. Mott 
Children’s Hospital, The University of 
Michigan; Research Scientist, Center for 
Human Growth and Development, The 
University of Michigan, Ann Arbor, Mich. 
Cloth. Pp. 588, with many illustrations. 
W. B. Saunders Company, West Washington 
Square, Philadelphia, Pa. 19105, 1974. 

RoENTGEN APPEARANCE OF THE HAND IN 
DirrusE Disease. By Howard L. Steinbach, 
M.D., Chief of Radiology, French Hospital, 
San Francisco; Clinical Professor of Radi- 
ology and Medicine, University of Cali- 
fornia, San Francisco Medical Center; Clini- 
cal Professor of Radiology, Stanford Uni- 
versity School of Medicine, Stanford, Calif.; 
Richard H. Gold, M.D., Associate Professor 
of Radiological Sciences: Chief, Orthopedic 
Radiology Section, University of California, 
Los Angeles Center for the Health Sciences; 
and Leslie Preger, M.B., Ch.B., F.R.C.R., 
D. Obst., R.C.O.G., F.F.R.R.C.S. (IREL.), 
Assistant Chief of Radiology, French Hospi- 
tal, San Francisco; Associate Clinical Pro- 
fessor of Radiology, University of Cali- 
fornia, San Francisco Medical Center. Cloth. 
Pp. 528, with 401 figures. Price, $47.75. 
Year Book Medical Publishers, Inc., 35 
East Wacker Drive, Chicago, II]. 60601, 1975. 

CONGENITAL DEFORMITIES OF THE HAND AND 
Forearm. By H. Kelikian, M.D., Emeritus 
Professor of Orthopedic Surgery, North- 
western University Medical School; Senior 
Attending Orthopedic Surgeon, Northwest- 
ern Memorial Hospital, Chicago; and Con- 
sulting Orthopedic Surgeon, Bethany Meth- 
odist, Henrotin and Augustana Hospitals, 


Chicago, Ill. Cloth. Pp. 1,007, with 620 
illustrations. Price, $35.00. W. B. Saunders 
Company, West Washington Square, Phila- 
delphia, Pa. 19105, 1974. 


Here are four excellent volumes, all dealing 
with the hand, all different, and each well 
characterized by its title. 

The atlas by Dr. Jacobs is purely an atlas, 
with beautiful, life size reproductions of roent- 
genograms of the hand and wrist. The text 
material is limited to the captions, and oc- 
casionally includes more than the statement of 
the diagnosis. The material is well organized, 
and the 300 illustrations show both common 
and unusual diseases encountered in the hanc, 
except for trauma. 

The volume edited by Dr. Poznanski 1s 
written principally by him, with a few contribu- 
tions from others. It is a much more elaborate 
undertaking, and covers much more material. 
Sections made up of several chapters each, 
cover the normal hand and various techniques 
of examination; variants and anomalies; con- 
genital abnormalities; and acquired diseases, 
including trauma, neoplasm, infection, arthri- 
tis, hematologic disorders and metabolic prob- 
lems. 

The discussion of each individual disease 
condition is followed by its short list of refer- 
ences, and the discussions are succinct, 
thorough, and well written. Scattered through- 
out are interesting facts from history, geogra- 
phy, anthropology, and similar disciplines—all 
designed to make this more than a list of dis- 
eases, symptoms and roentgen changes. The 
illustrations are clear, with elaborate legends. 
There is an excellent index. 

Drs. Steinbach, Gold, and Preger point out 
some of the advantages of studying diffuse 
diseases by examination of the hand: several 
types of bone shape and structure are available; 
exquisite bone detail is possible because of the 
thin, overlying soft tissues; excellent soft tissue 
detail in cartilage, tendons and ligaments can 
be obtained; and low radiation exposure is 
given to the patient. The authors’ emphasis is 
on diffuse bone disease, and the volume is a 
storehouse of information. It is divided into 
an unillustrated text portion and an atlas, so 
that the roentgen manifestations in the numer- 
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ous hand illustrations may be readily compared 
with each other. Leafing through the illustra- 
tions thus collected in one section of the book 
may even solve the problem of an unknown 
film, and may make reference to the text por- 
tion unnecessary because of the generous leg- 
ends which are supplied. 

The text is extensive and gives thorough 
discussions covering the nature of the disease, 
its incidence, cause, hereditary pattern, clinical 
features, pathologic picture, including the 
laboratory values, roentgen features, and differ- 
ential diagnosis. Each of more than 100 short 
chapters is followed by its bibliography. 

The index is not complete, but this is com- 
pensated for by the organization of the text and 
the table of contents. The book is divided into 
nine parts, covering subjects such as arthritis, 
constitutional disease of known etiology, dysos- 
tosis, etc., and each of these parts is divided 
into sections, with the individual chapters 
limited, in general, to a discussion of an indi- 
vidual disease. 

The beautiful volume by Dr. Kelikian is 
obviously a labor of love and is a bibliophile’s 
dream. Written by an orthopedic surgeon, it 
records his work in the surgery of congenital 
deformities of the hand and forearm, and in 
addition covers the history and others’ treat- 
ment as well. It is an encyclopedic treatment 
of the subject, and covers the classification, 
etiology, diagnosis, and treatment of anomalies. 
Each individual deformity is given elaborate 
consideration from these points of view, al- 
though the problems of treatment in general 
are included in one chapter, and in the con- 
sideration of the individual deformities the 
emphasis is on diagnosis, prognosis, and results. 
The book is well organized and cross-indexed, 
to avoid duplication, and it has a wealth of 
references. 

An outstanding feature is the way in which 
the book is illustrated. There are innumerable 
photographs, showing hands before and after 
treatment; there are almost as many roent- 
genograms and line drawings illustrating the 
deformities. The author’s humane, philosophi- 
cal attitude shines through on each page. At the 
end of each chapter there is a summary, an 
unusual feature, expressing the heart of the 
matter in a paragraph. This use of a summary 
indicated the orderly thinking, the assignment 
of precedence, and the total grasp of the sub- 
ject possessed by the author. 

It is my opinion that the volumes by Poznan- 
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ski and Steinbach, Gold and Preger should be 
in the personal library of every radiologist who 
sees either adults or children for classification 
of bone diseases. They are complete, well- 
organized, annotated, and make the informa- 
tion readily available. The atlas by Jacobs is a 
more specialized book, and would be most im- 
portant for the beginning or occasional radi- 
ologist. The volume by Kelikian is also special- 
ized; for a surgeon or orthopedic surgeon who 
sees patients with congenital abnormalities, it is 
a treasure. For the radiologist it is less nearly 
essential, but should be in libraries, as it is a 
collection of material for which one might 
otherwise search in many different sources, and 
will no doubt become a classic in its field. 


E. FREDERICK Lane, M.D. 


TECHNOLOGY AND INTERPRETATION ofr Nvu- 
CLEAR Mepicine Procepures. By D. Bruce 
Sodee, M.D., F.A.C.P., F.A.C.G., A.B.N.M., 
Director, Nuclear Medicine Institute; Direc- 
tor, Nuclear Medicine Department, Hillcrest 
Hospital, Cleveland Memorial Foundation, 
Cleveland, Ohio; and Paul J. Early, B.S., 
President, Nuclear Medicine Associates, ies, 
Cleveland, Ohio; with the technical assistance 
of Ashwin Patel, B.S., R.T. (A.R.R.T.). 
Second edition. Cloth. Pp. 520, with many 
illustrations. Price, $26.50. C. V. Mosby 
Company, 3301 Washington Boulevard, St. 
Louis, Mo. 63103, 1975. 


The book is in its second edition with the 
first edition appearing in 1972. It is to be cor- 
related with its companion volume, “Textbook 
of Nuclear Medicine Technology” which is also 
in its second edition. Both second editions have 
been updated and revised. 

There are 20 outstanding contributors in 
addition to the authors. The book is divided 
into two parts: Part 1, “Nuclear Science,” is 
concerned with physics, laboratory technique, 
health physics and nursing. There are 41 chap- 
ters with 169 pages. Part 11, “Clinical Nuclear 
Medicine,” is concerned with nuclear labora- 
tory procedures, dynamic perfusion/scanning 
and imaging procedures and special nuclear 
procedures. There are 22 chapters with 322 
pages. 

Each test or procedure is well described, giv- 
ing the purpose, indications, materials needed 
and patient preparation. Key points, pitfalls 
and interpretation of results are given at the 
end of each test or procedure and are very 
helpful. There are exercises in Part 1 which are 
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learning experiences regarding basic principles 
of nuclear instrumentation, radiochemistry and 
health physics. Some of the newer procedures 
that are not classified as routine are not in- 
cluded in the book. 

It is a good reference book in that it provides 
a review of nuclear medicine for those who have 
become rusty regarding the fundamentals and 
the reasons for the steps and procedures that 
are used in the various tests. 

The book is understandable and contains 
much new information. 

“Technology and Interpretation of Nuclear 
Medicine Procedures” is an excellent book for 
the beginner in nuclear medicine as well as for 
those who are practicing nuclear medicine. 

CuarLEs W. Cootey, M.D. 


RADIOLOGIC AND OTHER BropuysicaL METH- 
ops In Tumor Diacnosis. A Collection of 
Papers Presented at the Eighteenth Annual 
Clinical Conference on Cancer, 1973, at the 
University of Texas System Cancer Center 
M. D. Anderson Hospital and Tumor Insti- 
tute, Houston Texas. Cloth. Pp. 486, with 
248 illustrations. Price, $32.50. Year Book 
Medical Publishers, Inc., 35 E. Wacker 
Drive, Chicago, Ill. 60601, 1975. 


This book is a collection of papers presented 
in 1973 at a conference devoted to tests used in 
diagnosis of malignancy. It serves as an excel- 
lent introduction to the subject. 

The book is essentially divided into two por- 
tions. The first is a section describing the physi- 
cal methods upon which a given diagnostic 
test is founded; and the second is a discussion 
of the application of these methods and tests to 
various forms of abnormality. These two parts 
are skillfully combined and furnish the reader 
with the essentials for discussing these topics. 
Unfortunately, there is no list of references 
which would permit up-dating the contents in 
regard to the advances which have occurred 
between 1973 and the time of publication, 1975. 

The book is well packaged and easily read 
and this is usual with the efforts of Dr. Clark 
and the University of Texas System Cancer 
Center. There is a discussion of the advantages 
and disadvantages of the biophysical tech- 
niques and procedures. It is a valuable reference 
for physicians whose principal interest is can- 
cer, but the book is likewise a reference for the 
general clinician and should be included in 
libraries. 

MicHaet D. Henperson, M.D. 


Books Received 
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MIRD Committee Pus.ications. Pamphlet 
10: Radionuclide Decay Schemes and Nu- 
clear Parameters for Use in Radiation-Dose 
Estimation. Pp. 125. Price, $8.75 with binder, 
$6.50 without binder. Pamphlet 11: Ab- 
sorbed Dose per Unit Cumulated Activity 
for Selected Radionuclides and Organs. Pp. 
255. Price, $10.20 with binder, $7.95 without 
binder. MIRD Committee, 404 Church 
Avenue, Suite 15, Maryville, Tenn. 37801. 


Pamphlet No. 10 presents decay schemes and 
input and output data, including equilibrium 
dose constants, for about 120 radionuclides. 
This is more than double the number covered 
in MIRD No. 4 and includes nearly every one of 
interest in nuclear medicine. Unfortunately, 
Thallium-201 is not included. 

Pamphlet No. 11 is concerned with dosime- 
try. When measurements are made to deter- 
mine the doses delivered by new radiopharma- 
ceuticals, usually tagged with one of a few 
dozen radionuclides, on a standard system, 
namely the human body, it is desirable to 
simplify the application of the MIRD dose 
equation by separating anatomical and physical 
quantities from biological quantities. This 
separation has been done in MIRD No. 11 
and the result is 250 pages of values for “S”, 
the absorbed dose per unit cumulated activity, 
for combinations of 20 source and 20 target 
organs and 117 radionuclides. One need only 
look up the “Ss” for the combinations of 
interest, multiply by the cumulated activities 
in the source organs and sum over source 
organs. 

The revisions in the Monte Carlo calculations 
and the organ mass changes in the phantom 
from MIRD No. 5 are incorporated in the 
results of this pamphlet. 

If one is satisfied with the assumption of 
uniform radionuclide distribution in organs and 
the details of the phantom this pamphlet can 
be a real work saver. 

Rosert Heck, Pu.D. 


BOOKS RECEIVED 


“TRAUMA” AND “No-TRAUMA” OF THE CERVICAL 
Spine. Edited by Kenneth R. Kattan, M.D., 
Associate Professor of Radiology, University of 
Cincinnati College of Medicine; Attending Radi- 
ologist, Cincinnati General Hospital; Radiologist 
in Charge, Shriner’s Burns Institute; Consultant 
Radiologist, Veteran’s Administration Hospital, 
Cincinnati and Dayton, Ohio; Consultant in 
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Nuclear Medicine, The Jewish Hospital, Cincin- 
nati, Ohio. Cloth. Pp. 312, with many illustrations. 
Price, $24.50. Charles C Thomas, Publisher, 301- 
327 East Lawrence Avenue, Springfield, Ill. 
62717, 1975. 


THE PATHOGENESIS or ReErLUx NEPHROPATHY 


(CHronic ArropHIC PyELonepuritis). By C. 
John Hodson, F.R.C.P., F.R.C.R., Professor and 
Chairman of the Department of Radiology, 
Memorial University of Newfoundland, St. John’s, 
Newfoundland, Canada; Thomas M. J. Maling, 
M.B., B.Ch., M.C.R.A., F.R.C.R., Department 
of Radiology, Christchurch General Hospital, 
Christchurch, New Zealand; Patrick J. McMana- 
mon, M.B., B.Ch., L.G.M.C., F.R.C.R., Depart- 


Books Received 


APRIL, 1976 


ment of Radiology, The General Hospital, St. 
John’s, Newfoundland, Canada; and Martin G. 
Lewis, M.B., B.S., M.D., M.R.C.Path., Director, 
Cancer Research Unit, McGill University, P. O. 
Box 6070, Montreal, Quebec, Canada. Paper. Pp. 
26, with some illustrations. Price, £1.90. British 
Journal of Rediology Supplement No. 13. British 
Journal of Radiology, 32 Welbeck Street, London, 
WIM 7PG, England, 1975. 


THE RaptoLocic CLINICS oF NORTH AMERICA. 


December, 1975. Volume XIII, No. 3. Symposium 
on B-Scan Ultrasound. Guest Editor, Roger C. 
Sanders, M.D. Cloth. Pp. 198, with many illus- 
trations. W. B. Saunders Company, West Wash- 
ington Square, Philadelphia, Pa. 1910S, 1975. 
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MEETINGS OF RADIOLOGICAL SOCIETIES* 


UNITED STATES OF AMERICA 


AmERICAN RoENTGEN Ray SOCIETY 
Secretary, Dr. James Franklin Martin, 300 S. Haw- 
thorne Rd., Winston-Salem, N. C. 27103. Annual Meet- 
ing: Washington Hilton, Washington, D. C., Sept. 20-24, 
1976. 

AmERICAN RapiuM SOCIETY 
Secretary, Richard H. Jesse, Dept. of Surgery, M. D. 
Anderson Hosp. and Tumor Institute, Houston, Tex. 
77025. Annual Meeting: Bayshore Inn, Vancouver, B. bä 
Canada, May 9-14, 1976. 

RADIOLOGICAL SOCIETY OF NORTH AMERICA 
Secretary, Dr. Theodore A. Tristan, Harrisburg, Pennsyl- 
vania. Annual Meeting: McCcrmick Place on the Lake, 
Chicago, Ill., Nov. 14-19, 1976. 

AMERICAN COLLEGE OF RADIOLOGY 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago, Ill. 60606. Annual meeting. 

SECTION on RADIOLOGY, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. Antolin Raventos, Davis, Calif. Annual 
Meeting. 

AMERICAN BoarD OF RADIOLOGY 
Secretary, Dr. C. Allen Good. Correspondence should be 
directed to Kahler East, Rochester, Minn. 5¢901. 
Oral examinations will be held: Marriott Motor Hotel, 
Chicago, Ill., June 14-19, 1976; Sheraton Biltmore, 
Atlanta, Ga., Dec. 6-11, 1976. 

Written examinations will be held in 14 selected sites on 
June 26, 1976. 

Applications must be received in the Board Office 
before Sept. 30 of the year preceding the one in which the 
candidate wishes to be examined. 

AMERICAN Boarp oF Nucvear Menicine, Inc. A Conjoint 
Board of the American Boards of Internal Medicine, 
Pathology and Radiology and sponsored by the Society 
of Nuclear Medicine. 

Application forms and further information are avail- 
able from the American Board of Nuclear Medicine, 
305 E. 45th St., New York, N. Y. 10017. 

AMERICAN ASSOCIATION OF Puysicists IN MEDICINE 
Secretary, Dr. Robert G. Waggener, Dept. Radiol., Univ. 
Tex. Health Sciences Center, San Antonio, Tex. 78284 
Annual Meeting: Cincinnati, Ohio, July 31-Aug. 4, 1977. 

AMERICAN SOCIETY OF THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. Robert W. Edland, 1836 South Ave., La 
Crosse, Wis., 54601. Annual Meeting: 

AmERICAN NUCLEAR SOCIETY 
Program Chairman, Werner K. Kern, IRD, Space 
Nuclear Systems, F 309, U. S. Atomic Energy Commis- 
sion, Washington, D.C. 20545. 

AMERICAN INSTITUTE OF ULTRASOUND IN MEDICINE 
Secretary, John M. Reid, Ph.D., 556 18th Ave., Seattle, 
Wash. 98122. Annual Meeting. 

AMERICAN SOCIETY OF NEURORADIOLOGY 
Secretary, Arthur E. Rosenbaum, University of Pitts- 
burgh, Pittsburgh, Pa. 15261. Annual Meeting: Peach- 
tree Plaza Hotel, Atlanta, Ga., May 18-22, 1976. 

FOURTEENTH INTERNATIONAL CONGRESS OF RADIOLOGY 
Rio de Janeiro, Brazil, Oct. 23-29, 1977. 

President Elect: Prof. Dr. Nicola C. Caminha; Genera/ 
Secretary: Dr. Durval Couto. Av. Churchill, 97-50 and- 
LC-39 20,000 Rio de Janeiro, Brazil. 


INTERNATIONAL SociETY OF RADIOLOGY 
Hon. Secretary-Treasurer, Prof. W. A. Fuchs, M.D., De- 
partment of Diagnostic Radiology, University Hospital, 
Inselspital, CH-3010 Bern, Switzerland. 

TWELFTH INTER-AMERICAN ConGRESS OF RADIOLOGY 
President, Dr. Publio Vargas Pazzos, Casilla 5227, 
Guayaquil, Ecuador. Meeting in Quito, Ecuador, 1979. 

INTER-AMERICAN COLLEGE OF RADIOLOGY 
President, Manuel Viamonte, Jr., M.D., Mt. Sinai Medi- 
cal Center, 4300 Alton Rd., Miami Beach, Fla. 33140. 
Secretary, Gaston Morillo, M.D., Jackson Memorial 
Hosp., 1700 N.W. roth Ave., Miami, Fla. 33152. 
Counselor for the United States, J. A. del Regato, M.D., 
Univ. of So. Fla. College of Medicine, 13000 No. 3oth St., 
Tampa, Fla. 33612. 

THIRD CONGRESS OF THE EUROPEAN ASSOCIATION OF 
RADIOLOGY 
Secretary-General, P.O. Box 14, 79 Lauriston Place, Edin- 
burgh BHI IDB, Scotland. 

SECOND ASIAN AND OCEANIAN Concress OF RADIOLOGY 
Secretary, Dr. Buenaventura U. V. Angtuaco, Congress 
Secretariat Headquarters, 2161 Taft Ave., Manila, Philip- 
pines. Meeting: 

ALABAMA CHAPTER OF ACR 
Secretary-Treasurer, Dr. Lawrence E. Fetterman, 1720 
Springhill Ave., Suite 201, Mobile, Ala. 36604. Meets 
time and place of Alabama State Medical Association. 

Ataska RapiotocicaL Society, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Maurice J. Coyle, 3200 Provi- 
dence Ave., Anchorage, Alaska 99504. 

AMERICAN OsTEOPATHIC COLLEGE OF RADIOLOGY 
Annual Scientific Meeting: Americana Hotel, Bar Harbor, 
Fla. Program Administrator: Lawrence J. Jordan, D.O., 
Suite 21, Ponce American Bldg., 4601 Ponce de Leon 
Blvd., Coral Gables, Fla. 33146. 

AMERICAN THERMOGRAPHIC SOCIETY 
Secretary-Treasurer, John Wallace, Ph.D., Dept. Radiol., 
Thomas Jefferson Univ. Hosp., Philadelphia, Pa. 19107. 
Annual Meeting. 

Arizona Rapio.ocicat Society, CHAPTER OF ACR 
Secretary, Dr. Irwin M. Freundlich, 1501 N. Campbell 
Ave., Dept. Radiol., Tucson, 85724. Two regular meet- 
ings a year. Annual meeting at time and place of State 
eee Association and interim meeting six months 
ater. 

Arkx-La-Tex RADIOLOGICAL Society 
Secretary, Dr. Erich K. Lang, 1541 Kings Highway, 
Shreveport, La. 71130. Meets monthly on fourth Wednes- 
day, 8:00 P.M., Sept. to May. 

ARKANSAS CHAPTER OF ACR 
Secretary-Treasurer, Dr. Richard Seibold, Jr., Wadley 
Hosp., Texarkana, Ark.—Tex. 75501. Meets twice annu- 
ally, the Spring Meeting being in conjunction with and 
at the place of the State Medical Association. 

ASSOCIATION OF University RADIOLOGISTS 
Secretary-Treasurer, Dr. Arch W. Templeton, Univ. of 
Kansas Med. Center, 39th and Rainbow Blvd., Kansas 
City, Kansas 66103. Annual Meeting. 

ATLANTA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. James H. Larose, Dept. Nuclear 
Med., South Fulton Hosp., East Point, Ga. 30344. Meets 
on four Thursday evenings during the academic year at a 
time announced in early September of each year, at vari- 
ous Atlanta restaurants. 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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BavariAn-American Raprotocic Society 
Secretary, LTC. Marco J. DiBiase, M.D., Radiology 
Service, Heidelberg, 130 Station Hosp., APO N. Y. og102, 
Meets quarterly. 

Biocktey RapIoLocicat Society 
Secretary-Treasurer, Dr. William H. Green, 616 East 24th 
St., Chester, Pa. 19013. 

Buiuecrass RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. James C. King, Jr., 3313 Over- 
brook Drive, Lexington, Ky. 40502. The Society meets 
once each month during the school year. 

Bronx RanioLocicaL Sociery, New York STATE, CHAP- 
TER ACR 
Secretary-Treasurer, Dr. Leon J. Corbin, 1 369 Rosendale 
Ave., Bronx, N. Y. 10472. Meets 4 times a year. 

Brooktyn RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Ralph Brancaccio, 7901 4th 
Ave., Brooklyn, N. Y. 11209. Meets first Thursday of 
each month, October through June. 

Burrato RADIOLOGICAL SOCIETY 
Secretary, Dr. George J. Alker, Jr., E. J. Meyer Mem. 
Hosp., Buffalo, N. Y. 14215. Meets second Monday 
evening each month, October to May inclusive, at Uni- 
versity Club. 

CALIFORNIA RADIATION THERAPY ASSOCIATION 
Secretary-Treasurer, Dr. Duane J. Gillum, Stanford Medi- 
cal Center, Stanford, Calif. 94304. Meets semiannually in 
San Francisco and Los Angeles. 

CALIFORNIA RADIOLOGICAL SOCIETY, CALIFORNIA CHAPTER 
or ACR 
Secretary-Treasurer, Dr. John L. Gwinn, 4650 Sunset 
Blvd., Los Angeles, Calif. 90027, 

CatawBa VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Joe Jacumin, P.O. Box 265, 
Rutherford College, N. C. 28671. Meets the last Thurs. 
day of every month, Holiday Inn, Morganton, N. C. at 
7:30 P.M. 

CentraL New York RapioLocicaL Society 
Secretary-Treasurer, Dr. Alfred Brettner, Auburn Mem. 
Hosp., Auburn, N. Y. 13021. Meets first Monday each 
month October through May. 

CENTRAL On10 RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Daniel E. Lewis, 309 East State 
St., Columbus, Ohio 43215. Meets second Thursday in 
October, November, January, March, and May at Fort 
Hayes Hotel, Columbus, Ohio. 

Centra. Texas RanioLocy Society 
Secretary-Treasurer Dr. E. Jerome Schoolar, Scott and 
White Clinic, Temple, Tex. 76501. Meets the fourth 
Monday of each month at Ponderosa Hotel, Temple, 
Tex. at 7:00 P.M. 

Cuicaco Rapiotocicat Society, Division oF THE 
Ittinois Rapro.ocicar Society, CHAPTER oF ACR 
Secretary-Treasurer, Dr. Harold J. Lasky, 5 s E. Wash- 
ington St., Suite 1735, Chicago, Ill. 60602. Meets third 
Thursday of each month, October to April, except De- 
cember, at the Bismark Hotel, Chicago, Ill. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Charles M. Greenwald, 7007 
Powers Blvd., X-Ray Dept., Parma, Ohio 44129. Meet- 
ings at 7:00 P.M. on Faith Monday of October, Novem- 
ber, January, February, Marchand fifth Monday of April. 

Cotorapvo RADIOLOGICAL Society, CHAPTER OF ACR 
Secretary, Dr. John Pettigrew, Denver, Colo. Meets 
third Friday of each month at Denver Athletic Club 
from September through May. 

Connecticut Va.iey Rapio.ocic Society 
Secretary, Dr. Gerald N. LaPierre, 7:9 Chestnut St., 
Springfield, Mass. 01107. Meets in April and October. 

Datras-Forr Wortu RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert R. Burns, 1400 Stem. 
mons Ave., Dallas, Tex. 75208. Meets the 3rd Monday 
of every month at 6:30 P.M., at the Airport Hotel, Arling- 
ton, Tex. 
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DELAWARE CHAPTER of ACR 
Secretary, Dr. Ekkehard S. Schubert, Wilmington Med. 
Center, P. O. Box 1951, Wilmington, Del. 19899 

East Bay Rapioocicat Society 
Secretary-Treasurer, Dr. Richard H. Culhane, 4 Vista del 
Mar, Orinda, Calif. 74563. Meets first Thursday each 
month, Oct. through May, at University Club, Oakland 

alif. 

East TENNEssB® RapioLocicat Society 
Secretary-Treasurer, Dr. George H. Wood, 205 Medical 
Arts Bldg., Knoxville, Tenn. 37902. Meets in January 
and September. 

FLoripa Rapioxocicat Society, CHAPTER oF ACR 
Secretary. Dr. Paul J. Popovich, 1350 S. Hickory St., 
Melbourne, Fla. 32901. Meets twice annually, in the 
spas with the Annual State Society Meeting and in 
the fall. 

Fioripa West Coast Raprooaicat Society 
Secretary-Treasurer, Dr. Herbert Johnson, Davis Blvd., 
Tampa, Fla. 33606. Meets on 4th Thursday of the 
months January, March, May, October, and November, 

Georoia Raprotocicar Society, CHAPTER oF ACR 
Secretary, Dr. E. P. Rasmussen, Piedmont Prof. Bldg., 35 
Collier Rd., N.W., Atlanta, Ga. 30309. 

GREATER CINCINNATI RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Owen L. Brown, 2421 Auburn 
Ave., Cincinnati, Ohio 45219. 

GREATER Kansas City RapIo.ocica Society 
President-Secretary, Dr. Jay I. Rozen, Suite 216, 6400 
Prospect, Kansas City, Mo. 64132. Meets 5 times a year. 

GREATER LouisviıLLE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. L. D. LeNeave, 315 E. Broad- 
way, Louisville, Ky. 40202. Meets monthly. 

GreaTER Miami RapioLoGIcAL Society 
Secretary, Dr. David C. Hillman, P. O. Box 610544, North 
Miami, Fla. 33161. Meets monthly, third Wednesday at 
8:00 P.M. at various member hospitals, Miami, Fla. 

GREATER St. Lours Society or RaDIOLoGIsTs 
Secretary-Treasurer, Dr. Donald Callahan, Northland 
Med. Bldg., Jennings, Mo. 63136. 

Hawai Rapiotocicat Society, CHAPTER or ACR 
Secretary-Treasurer, Dr. Michael J. McCabe, Straub 
Clinic and Hosp., Honolulu, Hawaii 96813. Meets third 
Monday of each month at 7:00 P.M. 

HEALTH Puysics Society 
Secretary, Russell F. Cowing, P.O. Box 156, E. Wey- 
mouth, Mass. 02189. Annual Meeting. 

Houston Rapio.ocicat Society 
Secretary, Dr. Neill B. Longley, 6436 Fannin, Suite 6or, 
Houston, Tex. 77025. Meets fourth Monday of each 
month, except June, July, August and December, at 6:00 
P.M., at 103 Jesse H. Jones Library Building, Texas 
Medical Center, Houston, Tex. 77025. 

IpaHo Srare Raprotocicat Society, CHaprer or ACR 
Secretary-Treasurer, Dr. John H. Truksa, 1605 Park Ave., 
Nampa, Id. 83651. Meets in the spring and fall. 

Ittrnots Rapiooaicat Society, Inc., CHAPTER OF ACR 
Secretary, Dr. Robert D. Dooley, Hinsdale Med. Cen- 
ter, Hinsdale, Ill. 60521. Meets in the spring and fall. 

Inpiana RoentGeN Society, Inc., CHAPTER oF ACR 
Secretary, Dr. John A. Knote, Home Hosp., Lafayette, 
Ind. 47902. 

Iowa RapioLocicat Society, CHAPTER oF ACR 
Secretary-Treasurer, Dr. Dale L. Roberson, 1948 First 
Ave., NE, Cedar Rapids, Iowa 52402. Luncheon and 
business meeting during annual session of Iowa State 
Medical Society. The scientific session is held in the 
autumn. 

Kansas Rapiotocicat Society, CHAPTER or ACR 
Secretary-Treasurer, Dr. Ralph H. Baehr, 310 Medical 
Arts Bldg., Topeka, Kan. 66604. Meets in spring with 
State Medical Society and in winter on call. 

Kentucky Cuaprer or ACR 
Secretary-Treasurer, Dr. Bernard Sams, St. Joseph In- 
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firmary, 735 Eastern Parkway, Louisville, Ky. 40217. 
Meets in April and September. 
Kincs County RADIOLOGICAL SOCIETY 
Secretary, Dr. Sidney Hendler, 1880 Ocean Ave., Brook- 
lyn 30, N. Y. Meets Kings County Med. Soc. Bldg. 
monthly on fourth Thursday, October to May, 8:45 P.M. 
K NoxvVILLE RADIOLOGICAL SOCIETY 
Secretary, Dr. Clifford L. Walton, Bleunt Professional 
Bldg., Knoxville 20, Tenn. Meetings are held the third 
Monday of every other month at the University of 
Tennessee Memorial Research Center and Hospital. 
Lone Istanp RADIOLOGICAL SOCIETY 
Secretary, Dr. Harry L. Stein, North Shore Univ. Hosp., 
300 Community Dr., Manhasset, N. Y. 11030. 
Los ANGELES RADIOLOGICAL SOCIETY 
Secretary, Dr. Arthur F. Schanche, 333 North Prairie 
Ave., Inglewood, Calif. 90301. Meets second Wednesday 
of month in September, November, January, April and 
June at Los Angeles County Medical Association Build- 
ing, Los Angeles, Calif. Midwinter Radiological Con- 
ference. Century Plaza Hotel, Los Angeles, Calif. 


Lourstana RapioLocicaL Society, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Roger H. Tutton, 1514 Jeffer- 
son Hwy., New Orleans, La. 70121. 

LovIstaNA-TEXAS GULF Coast RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. J. Gardiner Bourque, 3155 Stagg 
Dr., Suite 230, Doctors Bldg., Beaumont, Texas 77701. 

Marne Raprotocicat Society, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Peter E. Giustra, Dept. Radiol- 
ogy, Penobscot Bay Medical Center, Rockland, Maine 
04841. Meets in June, September, December and April, 


MaryLanp Raprotoaicat Society, CHapTeR oF ACR 
Secretary, Dr. David S. O’Brien, Anne Arundel Hosp., 
Annapolis, Md. 21401. 

MassacHusetts RapioLocica Society, CHAPTER OF ACR 
Secretary, Dr. Joseph T. Ferrucci, Jr., Massachusetts 
Gen. Hosp., Boston, Mass. 02114. 


Mempuis ROENTGEN SOCIETY 
Secretary-Treasurer, Dr. R. Randolph Ramey, Baptist 
Memorial Hosp., 899 Madison Ave., Memphis, Tenn. 
38146. Meets first Monday Oct. through June at the 
University Club. 
Miami VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Bert Must, I.B.M. Bldg., Dayton, Ohio. 
Meets third Thursday of fall, winter and spring months 
at 7:30 P.M. at Miami Valley Hospital, Dayton, Ohio. 
Micnican Rapiotocicat Society, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Francis P. Shea, Harper Hos- 
pital, 3825 Brush St., Detroit, Mich. 48201. Meets 
monthly, first Thursday, October through May, at 
David Whitney House, 1010 Antietam, at 6:30 P.M. 
MICHIGAN Society oF THERAPEUTIC RADIOLOGISTS 
Secretary-Treasurer, Dr. William I. Knapp, St. Mary's 
Hosp., 830 S. Jefferson, Saginaw, Mich. 48601. Meets bi- 
monthly during the academic year. 
Mip-Hupson RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. William D. Stiehm, 37 Flower 
Hill Rd., Poughkeepsie, N. Y. 12603. Meets 7:00 P.M., 
first Wednesday of each month, September to May. 
MILWAUKEE RoentGEN Ray SOCIETY 
Secretary-Treasurer, Dr. Thomas C. Lipscomb, 1004 
North Tenth St., Milwaukee, Wis. 53233. Meets monthly 


u sAn Monday, October through May, at University 
ub. 


Minnesota Rapiotocicat Society, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Marvin E. Goldberg, Box 292, 
Mayo Memorial Health Sciences Center, Minneapolis, 
Minn. 55455. 

a a StaTE Rapio.ocicaL Society, CHAPTER OF 
Secretary-Treasurer, Dr. Edward L. Gieger, 969 Lake- 
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land Dr., Jackson, Miss. 39216. Meets third Thursday, 
excluding summer months, at the Primos Northgate 
Rest., Jackson at 6:30 P.M. 

Missour! RADIOLOGICAL Society, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Ronald G. Evens, Mallinckrodt 
Institute of Radiology, s10 S. Kingshighway, St. Louis, 
Mo. 63110. 

Montana Raptotocicat Society, CHAPTER oF ACR 
Secretary, Dr. C. H. Agnew, Room 102, Doctors Bldg., 
Billings, Mont. s9101. 

NEBRASKA CHAPTER OF ACR 
Secretary-Treasurer, Dr. Robert Bodmer, Suite 622 Doc- 
tors Bdg., Omaha, Neb. 68131. Meets the third Wednes- 
day of the month, Oct. through March, at the Clarkson 
Hosp., Omaha, Neb. and the fourth Friday of April at 
the Lincoln Country Club, Lincoln, Neb. 

Nevapa RaDIOLocIcaL Society, CHAPTER OF ACR 
Secretary, Dr. Charles F. Veverka, Carson Tahoe Hosp., 
Carson City, Nev. 89701. 

N.E. Society For RADIATION ONCOLOGY 
Secretary, Dr. C. C. Wang, Mass. Gen. Hosp., Boston, 
Mass. 02114. 

New Encianp Roentcen Ray SOCIETY 
Secretary, Dr. Melvin E. Clouse, 185 Pilgrim Rd., 
Boston, Mass. 02115. Meets the third Friday of Oct. and 
Nov., and third Thurs. of each month, Jan. through May, 
excluding December, at The Longwood Towers, 20 
Chapel Street, Brookline, Mass. at 3:00 P.M. Annual 
Meeting: May 20, 1976. 

ee ii RoentGEN Ray Society, CHAPTER OF 
A 
Secretary-Treasurer, Dr. Edward P. Kane, Claremont 
Gen. Hosp., Claremont, N. H. 03743. Meets four to six 
times yearly. 

New Mexico Society oF Rapio.ocists, CHAPTER OF ACR 
Secretary, Dr. W. M. Jordan, 1100 Central Ave. A 
Albuquerque, N. M. 87106. Four meetings annually, 
three held in Albuquerque, N. M., and one held at time 
and place of New Mexico State Medical Society annual 
meeting. 

New OrLEANs RADIOLOGICAL SOCIETY, Ine. 
Secretary-Treasurer, Dr. Jimmy L. Mains, P.O. Box 446, 
Gretna, La. 70053. Meets bimonthly at local restaurants 
selected by the President. Spring Conference. 

New York ROENTGEN SOCIETY 
Secretary-Treasurer, Dr. Thomas C. Beneventano, III 
East 210th St., Bronx, N. Y. 10467. Meets monthly on 
the 3rd Monday at the New York Academy of Medicine 
at 4:30 P.M. Annual Spring Conference, Waldorf-Astoria 
Hotei, New York, N. Y., April 22-24, 1976. A.M.A. Cat. 
I credit. Further information may be obtained from Dr. 
Albert A. Dunn, Roosevelt Hosp., New York, N. Y. 
100IG. 

New York Strate Cuaprer oF ACR 
Secretary-Treasurer, Dr. Albert F. Keegan, 6 Secor Dë, 
Port Wash., N. Y. 11050. 


NORTH AMERICAN Society oF CarpiAc RADIOLOGY 
Secretary-Treasurer, Dr. Erik Carlson, Univ. Calif., 
San Francisco, Calif. 94143. 


Nortu CAROLINA CHAPTER OF ACR 
Secretary-Treasurer, Dr. Ernest B. Spangler, Wesley Long 
Hosp., Greensboro, N. C. 27402. Meets twice a year. The 
Spring Meeting is held at the time of the meeting of the 
North Carolina Medical Society. The Fall Meeting is held 
eee at the Mid Pines Club, Southern Pines, 
Nortu Dakota RADIOLOGICAL Sociery, CHAPTER OF ACR 
Secretary, Dr. Marshall Landa, P. O. Box 6001, Fargo, 
N. D. 58102. Meets at time of State Medical Association 
meeting. Other meetings arranged on call of the President. 
Nortu FiLoripa RADIOLOGICAL SOCIETY 
Secretary, Dr. David F. Bew, University Hospital of 
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Jacksonville, 655 W. Eighth Street, P.O. Box 2751, 
Jacksonville, Fla. 32203. Meets quarterly in March, 
June, September and December. 

NORTHEASTERN OKLAHOMA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Theodore J. Brickner, Jr., 5919 
S. Gary Place, Tulsa, Okla. 74110. 

NorTHEASTERN New York Rapio.ocicat Society 
Secretary, Dr. Donald R. Morton, Dept. of Radiology, 
St. Clare’s Hosp., Schenectady, N. Y. 12304. Meets in 
Albany area on third Wednesday of October, November, 
March, April, and May. 

NORTHERN CALIFORNIA RADIATION THERAPY ASSOCIATION 
Secretary-Treasurer, Dr. John D. Earle, Stanford Medical 
Center, Stanford, Calif. 94304. Meets quarterly, 

NorTHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. Patrick J. Grinsell, 1207 Fairchild Ct., 
Woodland, Calif. 9569s. Meets on the fourth Monday, 
it through May at the Mansion Inn, Sacramento, 

if. 


NortTHwEsTERN New York RaniorocicaL Society 
Secretary, Dr. Barbara E. Chick, Glens Falls Hospital, 
Glens Falls, N. Y. 12801. 

NortHwEsTERN Onto RanioLocicaL Society 
Secretary-Treasurer, Dr. Gerald W. Marsa, 3939 Monroe 
St., Toledo, Ohio 43606. Meets 3rd Wednesday from 
September to May excluding Dec. at Academy of Med. 
A Toledo and Lucas County, 4428 Secor Rd., Toledo, 

10. 

On10 Srate Raprotocicar Society, CHAPTER or ACR 
Secretary, Dr. James Farmer, Cleveland, Ohio. 

es aa State RapioLocicat Society, CHAPTER OF 
A 
Secretary, Dr. George H. Ladd, 4616 Denison, Muskogee, 
Okla. 74401. Meets in January, May and October. 

OrancE County Rapiotocicat Society 
Secretary, Dr. William E. Danko, 2601 E. Chapman, 
Orange, Calif. 92667. Meets on fourth Tuesday of the 
month, excluding June, July, August, and December, at 
ae County Medical Association Bldg., Orange, 

alif. 

Orecon Strate RADIOLOGICAL Society, CHAPTER oF ACR 
Secretary-Treasurer, Dr. Ray F. Friedman, 3324 S. W. 
44th St., Portland, Ore. 97221. Meets on second Wednes. 
day of month, October through April, at the University 
Club, Portland, Ore. 

Orveans Parisa Rapio.ocicaL Society 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans, La. 70113. Meets second Tuesday of each 
month. 

Paciric NortHwest RaDIo.ocicat Society 
Secretary-Treasurer, Dr. Kenneth D. Moores, 1118 gth 
Ave., Seattle, Wash. 98101. Annual Meeting: Benson 
Hotel, Portland, Ore., May 7-9, 1976. 

PENNSYLVANIA RADIOLOGICAL Society, CHAprer or ACR 
Secretary, Dr. Joseph A. Marasco, Jr., St. Francis General 
Hosp., Pittsburgh, Pa. 19141. 

PHILADELPHIA ROENTGEN Ray Society 
Secretary, Dr. Marvin E. Ha-kin, 230 N. Broad St, 
Philadelphia, Pa. 19102. Meets first Thursday of each 
month at ç P.M., from October to May in Thompson Hall, 
College of Physicians. 

PirrsBuRGH RoENTGEN SOCIETY 
Secretary, Dr. Klaus M. Bron, Presbyterian-Univ. Hosp., 
Pittsburgh 15213. Meets second Wednesday of month, 
September through May, at the Pittsburgh Athletic As- 
sociation. 

Rapiation RESEARCH Society 
Executive Secretary, Richard J. Burk, Jr., 4211 39th St., 
N.W., Washington, D. C. 20016. ‘Annual Meeting. 

Rapio.ocicat SOCIETY OF Connecticut, Inc., CHAPTER 
or ACR 
Secretary, Dr. Gerald L. Baker, 8< Jefferson St., Hartford, 
Conn. 06106. Meets in Oct., Jan., March, and June. 

RADIOLOGICAL Society OF GREATER CINCINNATI 
Secretary-Treasurer, Dr. Alvin Nathan, c/o Academy of 
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Medicine, 320 Broadway, Cincinnati, Ohio 45202. Meets 
first Monday of each month at Cincinnati Academy of 
Medicine. 

RabIo.ocicat Society or New Jersey, CHAPTER or ACR 
Secretary, Dr. Fred M. Palace, 11 Dale Dr., Morristown, 
N.J. 07960. Monthly meetings in East Orange and 
Trenton, N.J. Semi-Annual Meeting in Nov. 

RaDI0Locicat Sgciery oF Ruope Istanp, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Daniel J. Alves, Rhode Island 
Hosp., Providence, R. I. 02902. 

RADIOLOGICAL Society or SOUTHERN CALIFORNIA 
Secretary-Treasurer, Dr. A. Franklin Turner, LAC-USC 
Medical Center, Room 3418, 1200 North State St., Los 
Angeles, Calif. 90033. Meets three times a year, usually 
October, February and May. 

RADIOLOGICAL Society oF THE State or New York 
Secretary-Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rochester, N. Y. 14618. 

Repwoop Empire Rapio.ocica Society 
Secretary, Dr. Charles E. Carter, 121 Sotoyome St., 
Santa Rosa, Calif. 95405. Meets second Monday every 
other month. 

RicHMonp County RADIOLOGICAL SOCIETY 
Secretary, Dr. Frederick S. Vines, 11830 Rothbury Dr., 
Richmond, Va. 23235. Meets third Thursday of each 
month at the Aberdeen Barn. 

RocHeEsrer RoENTGEN Ray Society, Rocnester, N, Y. 
Secretary-Treasurer, Dr. Robert J. Bruneau, Rochester 
General Hosp., Rochester, N. Y. 14621. Quarterly meet- 
ings on the call of the President, at the Rochester 
Academy of Medicine. 

Rocky Mountain Raptoocicat Society 
Secretary-Treasurer, Dr. Lorenz R. Wurtzebach, 4200 E. 
Ninth Ave., Denver, Colo. 80220. Annual Meeting: 
Brown Palace Hotel, Denver, Colo., Aug. 19-21, 1976. 

San Antonio-Civitian Mitirary RADIOLOGICAL SOCIETY 
Secretary, Dr. James R. Stewart, Oak Hills Medical Cir 
San Antonio, Tex. 78209. Meets third Wednesday of 
each month at Fort Sam Houston Officers Club at 
6:30 P.M. 

San Dieco RapioLocIcaL Society 
President, Dr. Donald J. Fleischli, 7849 Fay Ave., La 
Jolla, Calif. 92037. Meets the first Wednesday of each 
month Sept. through June at the University Club. 

San Francisco RapioLoGIcaL Society 
Secretary-Treasurer, Dr. Robert L. Koch, 3838 Cali- 
fornia St., Suite 106, San Francisco, Calif. 94118. 

SecTION ON Raprotocy, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. i 

Section on RapioLocy, MepicaL Society oF THE Dis- 
TRICT OF COLUMBIA 
Secretary-Treasurer, Dr. Albert M. Zelna, 21 Masters St., 
Potomac, Md. 20854. Meets at Medical Society Library, 
third Wednesday of January, March, May and October 
at 8:00 P.M. 

Section oF RaproLocy, Nationa MEDICAL ASSOCIATION 
Secretary, Dr. Ruby Brooks, Dept. Radiol., Veterans 
Adm. Hosp., P.O. Box 511, Tuskogee, Ala. 36083. Annual 
Meeting. 

Section on RADIOLOGY, SOUTHERN MEDICAL ASSOCIATION 
Secretary, Dr. Mario A. Calonje, 1514 Jefferson Highway, 
New Orleans, La. 70121. Annual Meeting. 

Section on Rapiotocy, Texas MEDICAL ASSOCIATION 
Secretary, Dr. George F. Crawford, St. Elizabeth Hospi- 
tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 

Society For Pepiatric RapIoLocy 
Secretary-Treasurer, Dr. John P. Dorst, 601 N. Broad- 
way, Baltimore, Md. 21205. Annual meeting: Washing- 
ton Hilton Hotel, Washington, D. C., Sept. 19-20, 1976. 

Society oF GAsrro-INTESTINAL RADIOLOGISTS 
Secretary- Treasurer, Dr. John R. Amberg, University 
Hospital, 225 W. Dickinson St., San Diego, Calif. 92103. 
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Society or Nuctear MEDICINE 
Secretary, Dr. E. James Potchen, Edward Mallinckrodt 
Institute of Radiology, 660 S. Euclid Ave., St. Louis, 
Mo. 63110. Administrative Officer, Mrs. Margaret Glos, 
211 E.43rd St., New York, N. Y. 10017. Annual Meeting. 

Sour Bay RADIOLOGICAL SOCIETY 
Secretary, Dr. Bruce R. Parker, Dept. Radiol., Stanford 
Univ. Med. Center, Stanford, Calif. qy305. Meets the 
2nd Monday of each month at the Santa Clara County 
Medical Society Bldg., 700 Empey Way, San Jose, Calif. 

Soutn Carona RaproLocica Society, CHAPTER or ACR 
Secretary, Dr. George W. Brunson, 1406 Gregg St 
Columbia, S. C. Annual meeting (primarily business) 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

Sourn Coast RapioLocicaL Society CHapTer oF ACR 
Secretary-Treasurer, Dr. Richard T. Love, Santa Bar- 
bara Med. Clin., 215 Pesetas Lane, Santa Barbara, 
Calif. 93110. Meets fourth Tuesday of alternate months, 
Sept., Nov., Jan., March and May. 

Soury Dakota RapioLocicat Society, CHapter oF ACR 
Secretary, Dr. M. F. Petereit, 2416 S. Phillips, Sioux 
Falls, S. D. 57105. Meets in spring with State Medical 
Society and in fall. 

SouTHERN CALIFORNIA RADIATION THERAPY ASSOCIATION 
Secretary-Treasurer, Dr. Duane J. Gillum, 250 W. Pueblo 
St., Santa Barbara, Calif. 93105. Meets quarterly. 

SouTHERN RADIOLOGICAL CONFERENCE 
Secretary-Treasurer, Dr. J. W. Maxwell, P.O. Box 2144 
Mobile Ala. 36601. Annual Meeting: 

TENNESSEE RADIOLOGICAL SociETY, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Jerry W. Grise, Methodist 
Hosp., 1265 Union Ave., Memphis, Tenn. 38104. Meets 
annually at the time and place of the Tennessee State 
Medical Association meeting. 

Texas State Raprotocicat Society, CHAPTER oF ACR 
Secretary, Dr. Francis E. O'Neill, 1128 Nix Prof. Bdg., 
San Antonio, Tex. 78205. 

THE FLEISCHNER SOCIETY 
Secretary, Dr. E. Robert Heitzman, State University of 
New York Upstate Medical Center, Syracuse, N. Y. 
13210. Annual Meeting: 

Tri-STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Thomas Harmon, St. Mary’s Hosp., Evans- 
ville, Ind. 47750. Meets bimonthly on the third Wednes- 
day at area Hospitals. 

Upper PENINSULA RADIOLOGICAL SOCIETY 
ithe A. Gonty, Menominee, Mich. Meets quar- 
terly. 

Urau State Raprotoaicat Society, CHAPTER OF ACR 
Secretary-Treasurer, D. Michael Edson, Dept. Radiol., 
Valley West Hosp., 4160 West 3400 South, Granger, 
Utah 84120. Meets quarterly at Holy Cross Hospital. 

Vermont RapioLocicaL Society, CHAPTER oF ACR 
Secretary, Dr. J. Lorimer Holm, R.R. #3, Barre, Vt. 05641. 

Vircinta CHAPTER or ACR 
Secretary-Treasurer, Dr. Charles P. Winkler, 3500 Ken- 
sington Ave., Suite 2-A, Richmond, Va. 23221. 

Wasuincton, D. C., CHAPTER or ACR 
Secretary-Treasurer, Dr. Robert M. Allen, 9312 Convento 
Terr., Fairfax, Va. 22030. 

ir edi Srate RADIOLOGICAL Society, CHAPTER OF 
Secretary-Treasurer, Dr. Donald J. Hesch, 3216 N.E. 
45th Place, Seattle, Wash. 98105. 

West Virointa RapioLocicaL Society, CHAPTER oF ACR 
Secretary-Treasurer, Dr. Andrew W. Goodwin, II, 200 
Med. Arts Bldg., Charleston, W. Va. 25301. Meets con- 
currently with annual meeting of West Virginia State 
Medical Society, other meetings arranged by program 
committee. 
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WESTCHESTER County RADIOLOGICAL SOCIETY 
Secretary, Dr. Leonard Cutler, 16 Guion Place, New 
Rochelle, N. Y. 10802. Meets on second Tuesday of 
October, December, February and May. 

Wisconsin RapIoLocicaL Society, CHAPTER oF ACR 
Secretary-Treasurer, Dr. June Unger, Wood VA Hosp., 
Wood, Wis. 53193. Meets twice a year, May and Sep- 
tember. 

Wisconsin SOCIETY OF THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. Alvin Greenberg, Radiother. Ctr., Univ. 
Hospitals, Madison, Wis. £3706. Meets quarterly, 

Wyominc Rapiotocicat Society, CHAPTER OF ACR 
Secretary, Dr. Ross J. Collie, Box 96, Lander, Wyo. 82520. 
Meets in fall with State Medical Society and in spring 
on call of President. 


Mexico, Puerro Rico anp CENTRAL AMERICA 


ASOCIACIÓN COSTARRICENSE DE RADIOLOGÍA 
Secretary, Dr. Rafael Umaña-Umaña, Apartado 8-5340, 
San José, Costa Rica. 

Asocracón DE RapióLoGoOs DE CENTRO AMERICA Y 
Panamá. Comprising: Guatemala, El Salvador, Hon- 
duras, Nicaragua, Costa Rica and Panama 
Secretary-General, Dr. Francisco Miranbell Solis, Apar- 
tado 3352, San José, Costa Rica, Central America. Meets 
annually in a rotating manner in the six countries. 

SOCIEDAD DE RADIOLOGÍA DE SALVADOR 
Secretary, Dr. Carlos Meijia, sa Av. Nte. No. 434, San 
Salvador, Rep. El Salvador. 

SoclEDAD DE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 9, Calle A o-05, Zona 1, 
Guatemala 

Sociepap Mexicana DE Rapro.ocia, A.C. 

Coahuila No. 35, México 7, D.F., México. 
Secretary-General, Dr. Jorge Cano Coqui. Meets first 
Monday of each month. 

SociEDAD RADIOLOGICA PANAMEÑA 
Secretary, Dr. L. Arrieta Sanchez, Apartado No. 6323, 
Panama, R. de P. Meets monthly in a department of 
radiology of a local hospital chosen at preceding meeting. 

SociepAD Rapio.ocica DE Puerto Rico 
Secretary, Dr. César Rosa, Box 9387, Santurce, Puerto 
Rico 00908, Meets second Thursday of each month at 
8:00 p.m. at the Puerto Rico Medical Association Bldg. 
in San Juan. 


BRITISH COMMONWEALTH OF NATIONS 


Association OF RADIOLOGISTS OF THE PROVINCE OF 
QUEBEC 
121 Boul. Taschereau, Greenfield Park, P. Q., Canada. 
Meets four times a year. 

BRITISH INSTITUTE OF RADIOLOGY 
Honorary Secretaries, D. H. Traspnell, M. Cohen, 32 
Welbeck St., London, W1M/7PG, England. 

CANADIAN ASSOCIATION oF Puysicists, Division or MED- 
ICAL AND BIoLoaicaL Puysics 
Honorary Secretary-Treasurer, Dr. R. G. Baker, Ontario 
Cancer Foundation, Ottawa Civic Clinic, 1053 Carling 
Ave., Ottawa 3, Ont., Canada. 

CANADIAN AssociaATION OF RADIOLOGISTS 
Honorary Secretary, Dr. Ross O, Hill, Suite 806, 1440 St, 
Catherine St. West, Montreal 107, Que., Canada. 
Annual Meeting: 

EpmĪmonTON AND Districr RADIOLOGICAL SOCIETY 
Secretary, Dr. L. A. Koller, Suite 360, Professional Bldg., 
10830 Jasper Ave., Edmonton 15, Alberta, Canada. 
Meets third Thursday of each month October to May, 
except December, at various Edmonton Hospitals. 

Facu.ty oF RADIOLOGISTS 
Honorary Secretary, P. D. Thomson, 28 Portland Pi, 
London, WIN 4DE. 
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MonrreEAL RapioLoGicaL Srupy CLuB 
Secretary, Dr. W. Paul Butt, Montreal General Hospital, 
Montreal, Que., Canada. Meets first Tuesday evening, 
October to April. 


Section OF RapioLoGY oF THE Royat Sociery oF MEDI- 
CINE (ConFINED TO MEDICAL MEMBERS) 

Meets third Friday each month at 8:15 p.m. at the Royal 
Society of Medicine, 1 Wimpole St., London, W. 1 
M8AE, 1 England. 

SociETE CANADIENNE-FRANCAISE DE RADIOLOGIE 
Secretary-General, Dr. Hubert Sasseville, Verdun Hospi- 
tal, Montréal, P. Q., Canada. Meets every third Tuesday 
from October to April. 


Tue Hospirav Puysicists’ ASSOCIATION 
Honorary Secretary, J. B. Massey, B.Sc., Christie Hosp. 
and Holt Radium Institute, Physics Department, Wi- 
thington, Manchester M20 9BX, England. 

Toronto RapIoLocicat Society 
Secretary, Dr. George Wortzman, Toronto General Hosp., 
Toronto 12, Ont., Canada. Meets second Monday of 
each month, September through May. 


THE Royat AustTRALASIAN COLLEGE or RADIOLOGISTS 
Honorary Secretary, Dr. T. P. Loneragan, 45 Macquarie 
St., Sydney, N.S.W. 2000, Australia. 


SOUTH AMERICA 


CoLEcio BRASILEIRO DE RADIOLOGIA 
Secretary-General, Dr. José Marcos Pires de Oliveira, 
Caixa Postal 5984, São Paulo, Brazil. 


FEDERACIÓN ARGENTINA DE SOCIEDADES DE RADIOLOGÍA 
Branches of the Federation are: Sociedad de Radidlogos 
de la Provincia de Cérdoba; Sociedad Argentina de Ra- 
diologia; Asociación Argentina de Radiología; Sociedad 
de Radiologia, Radioterapéutica y Medicina Nuclear de 
Rosario; Sociedad de Radiologia y Medicina Nuclear del 
Centro y Sudeste de la Provincia de Buenos Aires (Mar 
del Plata); Sociedad Saltefia de Radiologia y Medicina 
Nuclear; Sociedad de Radiología de Tucumán; Sociedad 
de Radiologia del Nordeste Argentino; Sociedad de Ra- 
mo de La Plata; and Sociedad de Radiología de San 

uan. 
Secretary-General-Treasurer, Dr. Roberto Habichayn, Av. 
Colón 637, Córdoba, Argentina. 
Congress will be organized by Sociedad de Radiología, 
Radioterapéutica y Medicina Nuclear de Rosario in 1975. 


SOCIEDAD ARGENTINA DE RADIOLOGÍA 
Secretary-General, Dr. Alba de la Torre, Santa Fé 1171, 
Buenos Aires, Argentina. Meets first Wednesday evening, 
April through December. 


SocıepaD BoLiviANA DE RADIOLOGÍA 
Secretary, Dr. Javier Prada Méndez, Casilla 1182, La 
Paz, Bolivia. Meets monthly. General assembly once 
every two years. 


SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Armando Rocha Amoédo, Caixa Postal 
1532, Rio de Janeiro, Brazil. General Assembly meets 
every two years in December. 


SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Luiz Antonio, 644, São Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 P.M. in São Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 


SociEDAD CHILENA DE RADIOLOGÍA 
Secretary, Dr. Manuel Neira, Casilla 13426, Santiago, 
Chile. Meets first Friday of each month at Av. Santa 
Maria 1810 at 7:00 P.M. 


SociEDAD COLOMBIANA DE RADIOLOGÍA 
Secretary-General, Dr. Gustavo Sanchez Sanchez, Bogota, 
Colombia. Meets last Thursday of each month. 
SocieDAD EcuatoriaNa DE RADIOLOGÍA 
ee: Dr. Luis Blum, Casilla 3712, Guayaquil, Ecua- 
or. 
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SoclEDAD PARAGUAYA DE RADIOLOGÍA 
Secretary, Dr. Hugo Volpe Rios, 15 de Agosto 322, 
Asuncion, Paraguay. 

SociEDAD Peruana DE RADIOLOGÍA 
Secretary-General, Dra. Ladis Delpino, Av. General 
Santa Cruz No. 315, Miraflores, Lima, Perú, Casilla 
Correo, 2306, Lima, Perú. Meets monthly except during 
January, February, and March. 

SOCIEDAD DE RADIOLOG{IA DEL ATLANTICO 
Secretary, Dr. Raul Fernandez, Calle 40 #41-110, Baran- 
quilla, Colombia. Society meets monthly at the Instituto 
de Radiologia. 

SOCIEDAD DE RADIOLOGÍA DEL NORDESTE ARGENTINO 
Secretary-General, Dr. Francisco J. Velar, Catamarca <61, 
Corrientes, Argentina. 


SoclEDAD DE RapioLoGía DE La PLATA 
Secretary, Dr. Hiram D. Haurigot, Calle 50 No. 374, La 
Plata, Argentina. 


SociEDAD DE RapioLoGcia, CANCEROLOGiA y Fisica 
MÉDICA DEL URUGUAY 
Secretary-General, Dr. Manuel Gonzáles Maseda, Av. 
Agraciada 1464, piso 13, Montevideo, Uruguay. 
SOCIEDADE DE RADIOLOGÍA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal sos, Pernambuco, Brazil. 


SOCIEDAD DE RoENTGENOLOG{A Y MEDICINA NUCLEAR DE 
LA PROVINCIA DE CÓRDOBA 
Secretary-General, Dr. Lucas C. Di Rienzo, Ave. Grl. 
Paz. 151, Córdoba, Argentina. 

SocIEDAD DE RapioLoGía, RADIOTERAPÉUTICA Y MEDICINA 
NucLEAR DE Rosario 
Secretary-General, Dr. Federico Fragola, Santa Fe 1798, 
Rosario, Argentina. 

SociEDAD SALTENA DE Raprio.tocia y Mepicina NUCLEAR 
Treasurer, Dr. Julio Luis Baldi, Av. Sarmiento 536, Salta, 
Argentina. 

SociEDAD VENEZOLANA DE RaprioL_ocia y Mepicina Nu- 
CLEAR 
Secretary-General, Dr. Salvador Itriago Borgas, Apartado 
Postal 9213, Candelaria, Caracas, Venezuela. Meets 
monthly, third Friday at Colegio Médico del Distrito 
Federal, Caracas. 


CONTINENTAL EUROPE 


OsTERREICHISCHE RONTGEN-GESELLSCHAFT 
Secretary, Dr. Ernst Kotcher, Wiener Allgemeine Poli- 
klinik Mariannengasse 10, A-1090 Wien, Austria. Meets 
second Tuesday of each month in Allgemeirfe Poliklinik. 


SociéTÉ RoyaLe BELGE DE RADIOLOGIE 
General Secretary, Dr. Joseph Baeyens, Alost, Belgium. 
Meets in February, March, May, June, September, 
October, November and December. 

SocIÉTÉ EUROPÉENNE DE RADIOLOGIE PÉDIATRIQUE 
Secretary, Dr. J. Corbaton, Clinica Infantil “La Paz,” 
Av. Generalissimo, 117 Madrid 34, Spain. Annual Meet- 
ing: 
fa AT Secretary, Clément Fauré, Hôpital des Enfants 
Malades, 149, rue de Sèvres, 75 730, Paris Cadet 15, France. 

SociETE FRANGAISE, DE RapioLtocie MÉDICALE, MÉDECINE 
NUCLEAIRE ET E e a and its branches: Socı- 
ETE DU SUD-OUEST, DU LITTORAL MÉDITERRANÉEN, DU 
CENTRE ET LYonnats, DU NORD, DE L’OUEST, DE L’Est, 
pu Massir CENTRAL, D'OUTRE-MER ET D’ETRANGER. 
Parent Society meets third Monday of each month, ex- 
cept during July, August and September, rue de Seine 
12, Paris, France. 

Secretary-General, Dr. Ch. Proux, 9 rue Daru, Paris 
75008, France. 

SociETE FRANCAISE DE NEURORADIOLOGIE 
Secretary-General, Professeur agr. R. Djindjian 16, rue 
de l'Université 75, Paris 7°, France. Annual meeting. 
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ČESKOSLOVENSKÁ RADIOLOGICKÁ SPOLEČNOST 
Secretary, Associate Professor Jaromír Kolář, M.D., 
Sc.D., Radiological Clinic, Praha 2, U nemocnice 2, 
Czechoslovakia. Meets monthly except during July, 
August and September. Annual general meeting. 

DEUTSCHE RÖNTGENGESELLSCHAFT 
President, Professor Dr. med. Walter Frommhold, Di- 
rector of Medizinisches Strahleninstitut, der Universitat 
Tübingen, Rontgenweg 11, 7400 Tübingen, Germany. 

Facutty or RapIOLoGIsts OF THE Royat COLLEGE OF 
SURGEONS IN IRELAND 
Honor. Secretary, Max. J. Ryan, St. Stephen’s Green, 
Dublin 2. Annual Meeting: 

SocietaA ITALIANA DI RaproLtociA Mepica E MEDICINA 
NUCLEARE 
Administrative Secretary, Prof. E. Conte, Ospedale 
Mauriziano, 10128 Torino, Italy. Meets annually. 

Societas RapioLoGIca DANICA 
Secretary, Dr. Bent Langenfeldt, Tretommervej 20a, DK. 
8240 Risskov, Denmark. 

NEDERLANDSE VERENIGING voor RADIOLOGIE 
Secretary, Dr. J. D. Mulder, Dept. of Rad., Akademisch 
Ziekenhuis, Leiden, Netherlands. 

Norsk ForENING For Mepicinsk RADIOLOGI 
General Secretary, Gunnar Stake, Rikshospitalet, Oslo, 
Norway. 

SCANDINAVIAN RADIOLOGICAL SOCIETY 
Secretary-General, Professor C. F. Unnérus, M.D., Haga- 
lung-Tapiola, Havsvindsvägn 5 C., Finland. Annual 
Meeting. 

SociEDAD EspaÑoLAa DE RapioLocía y ELECTROLOGÍA 
MeEpicas y DE MEDICINA NUCLEAR 
Secretary-General, Dr. Pilar Gallar Barbera, Villanueva, 
11, Madrid 1, España. Meets every other Saturday eve- 
ning of each month, Oct. to June, inclusive, in Madrid. 

SoclEDADE PorruGuEsA DE RapioLocia E MEDICINA 
NUCLEAR 
Secretary-General, Dr. Luís Aires de Sousa, Av. Elias 
Garcia, 123- 1, Esg.-Lisboa i-Portugal. 
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ROENTGEN DIAGNOSIS 
Heap 


Kosowicz, Jerzy, and Rzymski, KAzIMIERz. 
Radiological features of the skull in Kline- 
felter’s syndrome and male hypogonadism. 
Clin. Radiol., July, 1975, 26, 378-378. (From: 
The Departments of Endocrinology and 
Diagnostic Radiology, School of Medicine, 
Poznan, Poland.) 


The skull characteristics were studied in 21 cases 
of Klinefelter’s syndrome ages 12-31 years and in 
30 cases of hypogonadotropic eunuchoidism, age 
17-48 years. In Klinefelter’s syndrome, 17 patients 
had premature fusion and excessive calcification in 
the coronal sutures. Fifteen showed shortening of 
the anterior fossa; 14 had decreased angle of the 
skull base; twelve had flattening of the temporal 
regions; and nine had a decreased width of the vault. 
Also noted in eight patients was a decreased length 
of the skull, deepening of the posterior fossa and 
shortening of the mandibular rami. 

In contrast, in hypogonadotropic eunuchoidism, 
the length of the skull and anterior fossa as well as 
size of the mandibular rami were within the normal 
range. Only two patients had a reduced angle of the 
base of the skull. Premature fusion of the coronal 
sutures was not found. The most striking change 
was the small sella; in 28 of 30 patients, it was 7-9 
mm in length and the area was reduced. The sphe- 
noid sinuses in 24 were enlarged and excessively 
pneumatized. The bones of the calvarium were thin 
not exceeding 5 mm (normal 6-8). The mastoid 
processes were small. 

Therefore, in patients with deficient sexual de- 
velopment, the features in the skull may aid in 
diagnosis.—Martha Mottram, M.D. 


NECK AND CHEST 


Dempssk], J., and ZEITLER, E. Sicherheit der 
Flachenkymographie nach Myokardinfarkt 
unter besonderer Berücksichtigung der Herz- 
wandaneurysmen. (The accuracy of surface 
kymography following myocardial infarcts, 
with special reference to cardiac aneurysms.) 
Fortschr. a. d. Geb. d. Röntgenstrahlen u. d. 
Nuklearmedizin, July, 1975, 723, 30-36. (Ad- 
dress: Dr. med. J. Dembski, 5250 Engel- 
skirchen, Aggertalklinik.) 

Kymography was carried out in 180 patients who 
had recently had myocardial infarctions. The studies 
were carried out in three planes to show the anterior, 
lateral, and posterior cardiac walls, and the results 
were compared with the results of coronary angiogra- 
phy and selective cardiography of the left side of the 
heart. 

Kymography performed for the diagnosis of 
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cardiac aneurysms and myocardial scars is accurate 
in $3 percent of cases. In aneurysms limited to the 
left ventricle, however, it was possible to show 71 
percent by kymographic study. The examination 1s 
simple, rapid, and non-invasive. 

Of the 180 patients only ten were women; 73 per- 
cent of the patients were between the ages of 41 and 
55 years. 

With the use of kymography to show at least three 
marginal contours of the left ventricle it is possible to 
obtain useful information regarding the optimal 
plane for cardiac injection and it may indicate the 
presence of myocardial disease and the need for 
further, invasive study.—Modified Published English 
Abstract. 


Lipron, Martin J., PFEIFER, JAMES F., Lopes, 
Mario G., and Huttcren, Herbert N. 
Aneurysms of the coronary arteries in the 
adult: clinical and angiographic features. 
Radtology, Oct., 1975, 777, 11-18. (Address: 
Martin J. Lipton, M.D., Veterans Adminis- 
tration Hospital, 3801 Miranda Avenue, 
Palo Alto, Calif. 94304.) 


Bougon in 1912 is usually given credit for first 
reporting an aneurysm of the coronary artery (ACA) 
but as early as 1861 Morgagni described a diffuse 
dilatation of the left coronary artery in a patient 
with syphilitic aortitis. Several case reports and re- 
views have subsequently appeared and, in 1963, 
Daoud (dm. F. Cardiol., 1963 77; 228-237) reported 
the results of a meticulous study involving the dis- 
section of the coronary arteries in 694 consecutive 
adult autopsies. The incidence of ACA was 1.4 per- 
cent (10:694) in that series. 

In order to determine the incidence, clinical pres- 
entation and angiographic features of ACA the 
authors have reviewed 1,000 consecutive adult 
coronary arteriograms. This patient population was 
comprised primarily of patients being considered for 
coronary artery-saphenous vein bypass surgery for 
relief of angina, and also included patients who 
underwent coronary arteriograms as part of the 
routine evaluation for valve surgery. All roentgeno- 
grams were reviewed retrospectively for ACA. An 
aneurysm was diagnosed when there was dilatation 
of 50 percent of the normal coronary artery with 
either no evidence of a proximal stenotic lesion or 
when only mild stenosis (less than 50 percent) was 
present with a disproportionate dilatation beyond 
it (sO percent greater than the normal lumen). 
The normal lumen diameter was taken to be that 
measured at a proximal point along the vessel where 
no atherosclerotic disease was evident. 

Aneurysms of the coronary artery were detected 
in I.I percent (11:1,000) of the patients in this 
series. The clinical features regarding metabolic 
and electrocardiographic changes in these eleven 
patients are presented in tabular form. The angio- 
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graphic findings showed both saccular and fusiform 
aneurysms. The aneurysms were localized to one 
vessel in seven patients and multiple vessels were 
involved in four. The frequency of vessel involve- 
ment was as follows: right coronary artery, left cir- 
cumflex, and then left anterior descending artery. 
The left main coronary artery was not affected in 
this series. Vascular calcification was found in four 
patients in this series but did not correlate with the 
occurrence of aneurysm. 

The natural history and prognosis of ACA is pres- 
ently unknown. Thrombosis and thromboembolism 
may occur, while rupture is usually associated with 
mycotic aneurysm and periarteritis nodosa. It may 
well be that atherosclerotic aneurysms do not have 
the same risks as other varieties. The authors con- 
clude that the role of coronary artery bypass surgery 
in treatment of ACA has not been determined and, at 
present, should be reserved for the patient who has a 
large ACA which presents the threat of rupture, or in 
the patient who is significantly limited by angina; 
otherwise the indications for surgery are the same 
as those for a patient with stable angina due to 
atheroslerotic coronary artery disease.—Edward B. 
Best, M.D. 


Ramos, Luis, Hernanpez-Mora, MARIANO, 
LLANAS, MARIANO, LLORENTE, MARIA 
TERESA, and Marcos, Justo. Radiological 
characteristics of perforated pulmonary hy- 
datid cysts. Radiology, Sept., 1975, 776, 
539-542. (Address: Luis Ramos, M.D., Ser- 
vicio de Radiodiagnóstico, Clinica Puerta de 
Hierro, San Martin de Porres, 4, Madrid-3s, 
Spain.) 


The authors describe the roentgenologic findings 
in spontaneous perforation of hydatid pulmonary 
cysts. In their series of 239 patients with pulmonary 
hydatid disease, 56 showed spontaneous perforation. 
Five ruptured into the pleural space. 

Evacuation of the hydatid cyst into the bronchial 
system may be either total or incomplete. Perfora- 
tion allows air to enter the hydatid cyst. The en- 
trance of air causes the typical findings which are 
discussed in the article. The cyst wall is typically 
thick, § mm, with both the inner and outer margins 
smooth. 

Total expulsion or total evacuation of the cyst 
may be confused with cavitary neoplasm or pulmo- 
nary abscess. Typically the smooth thick wall helps 
to differentiate between the cyst and either abscess 
or neoplasm. With total evacuation there are no re- 
tained membranes or vesicles or fragments of the 
cyst. Occasionally, surrounding inflammatory change 
may be present. With total evacuation the diagnosis 
is somewhat more difficult to make unless the patient 
recalls expectorating cyst fragments or membranes. 

Incomplete evacuation of the hydatid cyst shows 
a more characteristic roentgenographic pattern. 
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Remnants of the endocyst and membranes remain 
within the pericyst or adventitia. These fragments 
give rise to the various roentgenographic signs among 
which are the “iceberg,” “water-lily,” “camalote,” 
and “‘double-arch” signs. Differential diagnosis to 
consider with incomplete evacuation are pulmonary 
abscess, cavitary neoplasm with necrotic debris, 
and pulmonary fungus disease with fungus ball. 

A variant of incomplete evacuation occurs when a 
portion of the adventitia or outer lining of the cyst 
is also expelled. In this case, a portion of the cyst 
remains entrapped or incarcerated within the lung. 
An irregular cavitary lesion with variable thickness 
walls and entrapped debris results. This particular 
instance is difficult to tell from primary bronchogenic 
neoplasm and pulmonary abscess. Differentiation 
between the etiologies is impossible unless there is a 
history of expectorated hydatid material—¥. P. 
Eberts, M.D. 


De anote, G. J., Hers, S., BAERT, A. L., and 
DEQUEKER, J. Pleuropulmonary manifesta- 
tions of collagen diseases. Y. Belge de radiol., 
Sept.—Oct., 1974, 57, 337-346. (Address: 
Prof. Dr. A. Baert, Dient van Röntgen- 
diagnostiek, Akadem, Ziekenhuis, 3000 Leu- 
ven, Belgium.) 


The pleuropulmonary changes of collagen dis- 
eases give rather aspecific roentgen signs, but when 
coupled with clinical history and biochemical studies 
they can aid significantly in the ultimate diagnosis. 
The group includes rheumatoid arthritis, sclero- 
derma, dermatomyositis, polymyositis, and pulmo- 
nary infiltrations with eosinophilia. 

In rheumatoid arthritis the pleuropulmonary 
manifestations include diffuse interstitial pulmonary 
fibrosis, pleuritis and pleural effusion, necrobiotic 
nodules, and Caplan’s syndrome. Pleural effusion 
with diffuse interstitial fibrosis is quite typical of 
rheumatoid arthritis. 

Systemic lupus erythematosis is the collagen 
disease most frequently associated with pleural 
effusions, patchy pulmonary infiltrates and peri- 
cardial effusions. Fibrosis does not usually develop 
but there is a progressive loss of lung volume with 
diaphragmatic elevation. 

In scleroderma about 25 percent of patients show 
a reticular lung pattern and a progressive great loss 
in lung volume over a period of two to three years. 
Occasionally an air esophagram is noted in a lateral 
chest film. 

Dermatomyositis and polymyositis only rarely 
affect the thorax and then give changes identical to 
other collagen diseases. Aspiration pneumonia can 
occur secondary to muscle paralysis. 

Pulmonary infiltrations associated with eosino- 
philia are frequently seen in polyarteritis nodosa. 
They are homogeneous, ill-defined, non-segmental 
parenchymal consolidations which change in volume 
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and localization over a period of days or weeks. They 
can cavitate and result in fibrosis, but they are 
slower to change than Loefler’s infiltrations. They 
are often associated with cardiomegaly and peri- 
carditis. 

Wegener’s granulomatosis can present with multi- 
ple nodular opacities within the chestg one third of 
which undergo cavitation. Often there are atypical 
bronchopneumonic infiltrations. The authers give 
differential diagnoses for each of the diseases dis- 
cussed.— Arch H. Hall, M.D. 


Apapir, Rusupy. Cystosarcoma phyllodes of 
the breast. Y. Canad. A. Radiologists, Sept., 
1975, 26, 192-196. (From: Department of 
Radiology, Radiotherapy Section, Albert 
Einstein College of Medicine, Bronx, N. Y.) 


Cystosarcoma phyllodes, breast tumors containing 
both epithelial and mesenchymal elements, generally 
persue a benign clinical course. Lymph node involve- 
ment and distant metastases are rare. Yet in this 
series of six cases, four were malignant. The be- 
havior of these tumors, whether benign or malignant, 
was not related to the age of the patient (33 to 65 
years), to the size of the tumor (3 to 18 cm), or to 
the duration of the mass (one month to ten years). 
Even the histology failed to predict the clinical 
course. 

Two patients’ sarcomas were of identical malig- 
nant cell type; yet one woman was alive and well 
4} years after simple mastectomy and full course 
radiation therapy, the other had a fulminating fatal 
course with multiple chest wall recurrences, resistant 
to radiation therapy. This patient’s clinical picture 
was complicated by recurring abdominal wall 
desmoid tumors, which were radiosensitive. A third 
patient had a huge posterior mediastinal metastatic 
mass, the fourth had intramammary lymph node 
involvement.—Adele Altman, M.D. 


REINKE, R. T., Hiceins, C. B., and ATKIN, T. 
W. Pulmonary infarction complicating the 
use of Swan-Ganz catheters. Brit. J. Radiol., 
Nov., 1975, 48, 885-888. (From: Division of 
Cardiovascular Radiology, University Hos- 


pital, University of California at San Diego, 
School of Medicine, La Jolla, Calif.) 


The Swan-Ganz catheter which is introduced into 
the antecubital vein has a balloon about its tip which 
permits its being directed by the flow of blood 
through the superior vena cava, the right atrium, 
and into the pulmonary artery. The balloon further 
permits obtaining a wedge pressure, and after defla- 
tion of the balloon the pulmonary arterial pressure is 
available. 

Complications are unusual, but rupture of the 
balloon, premature ventricular contractions, knot- 
ting of the flexible catheter, and perforation of the 
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pulmonary artery have been recorded. Aseptic 
thrombi apparently occur about the catheter in the 
superior vena cava. 

The authors describe three patients in whom 
pulmonary infarction had developed distal to the 
the tip of the catheter. In one of these the apparent 
cause was excessive length of the catheter coiled in 
the right atrium, and endothelial damage at the 
tip of the catheter is postulated as a result of trans- 
mitted motion from variation in size of the atrium 
during cardiac contractions. In the other two cases 
the infarction resulted from wedging of the Swan- 
Ganz catheter, and in both the clinician had noted 
no abnormal pressure tracings. In other recorded 
cases, likewise, abnormal pressure tracings are 
unusual and one must not be deterred from the 
diagnosis by this negative bit of information. 

The complications in use of the catheter may be 
decreased by: (1) advancing the catheter to the 
wedge position only when it is needed; (2) making 
certain that the balloon is deflated; (3) the use of 
heparin in the perfusing solution; and (4) leaving 
the catheter for not longer than 72 hours at one 
time. 

The roentgenologist is in a position to be the first 
to discover the presence of complications resulting 
from the presence of the catheter. —&E. Frederick 
Lang, M.D. 


Ersen, F., Bruun, E., Lockwoop K., and 
Hasner, E. Arteriographic exposition of the 
parathyroids. Brit. J. Surg., Feb., 1975, 62, 
96-99. (From: Department of Diagnostic 
Radiology, Cardiovascular Section and De- 
partment of Endocrine Surgery, University 
Hospital (Rigshospitalet), Copenhagen, Den- 
mark.) 


At the present time, angiography appears to be 
the only method offering a possibility of estimating 
the volume of the individual parathyroid glands. 
A series of §2 consecutive patients referred for pri- 
mary hyperparathyroidism was examined by arteri- 
ography. Of these, 13 were not operated on because 
of lack of evidence for the diagnosis. Exploration in 
39 patients was carried out, with the decision based 
on history, clinical, roentgenologic, and biochemical 
data. A diagnosis of primary hyperparathyroidism 
was confirmed surgically in 29 of the patients based 
on the microscopic examination of the glands. 

A total of 98 arteriographic studies was carried out 
with 70 considered nonselective and with 28 con- 
sidered selective injections of the inferior thyroid 
artery. The evaluation of the parathyroid glands was 
based on stretched or curvilinear arteries suggesting 
a space-occupying lesion and on parenchymal opaci- 
fication of the gland itself. 

Using the nonselective technique, nine abnormal 
glands were correctly identified and six were incor- 
rectly called normal. Using the selective technique, 
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ten glands were accurately called normal and there 
was no false negative. Selective angiography is 
superior to the nonselective technique probably 
because most of the parathyroid glands receive their 
vascular supply from the inferior thyroid artery. 
It is apparently unnecessary even to attempt to 
catheterize the superior thyroid artery. 

It is of interest that among 13 patients with normal 
blood calcium levels there were five with pathologic 
parathyroid glands. The authors emphasize that 
the angiographic method requires considerable 
technical facility and they recommend that the 
method be restricted to parathyroid centers and 
principally to patients selected for re-exploration.— 


E. Frederick Lang, M.D. 


ABDOMEN 


Diarp, F., Tavernier, J., Rapin, A., and 
Gout, A. Aspects radiologiques des tumeurs 
malignes primitives des voies bilaires: tu- 
meurs de |’ampoule de Vater exclues. (Radio- 
logic considerations of primary malignant 
tumors of the biliary tract: exclusive of 
tumors of the ampulla of Vater.) Y. de radiol., 
délectrol. et de méd. nucléaire, Aug.—Sept., 
1974, 55, 561-568. (Address: Dr. F. Diard, 
Chaire d’Electroradiologie, Hôpital Saint- 
André, 1, rue Jean-Burguet, 33075 Bor- 
deaux, France.) 


The authors report 30 cases of primary malignant 
tumors of the biliary tract. There were three cases 
of tumors of the gallbladder. The diagnosis was 
made by celiac arteriography in two cases, and by 
transparietal cholangiography in one case. 

Carcinoma of the gallbladder occurs most fre- 
quently in the female in the sixth decade. It is 
often associated with the presence of gallbladder 
calculi. Direct extension occurs into the local sur- 
rounding area, while metastasis is to the liver. 

The plain film may reveal the presence of opaque 
calculi or a calcified gallbladder (porcelain gall- 
bladder). Cholecystography and cholangiography 
may be performed in the absence of jaundice. How- 
ever, by means of celiac-mesenteric arteriography, 
an early and accurate diagnosis can be obtained. 
Transparietal cholangiography and retrograde cho- 
langiography following catheterization and opacifica- 
tion of the biliary tract are indicated in the presence 
of jaundice. 

There were 27 cases of tumors of the bile ducts, 
14 at the hilum, eleven in the common hepatic 
duct, and two in the common bile duct. 

Tumors of the bile ducts occur predominantly 
in the male, especially in the older age group. 
Carcinoma of the hepatic duct extends to the liver, 
carcinoma of the common bile duct extends into the 
pancreas. Both types metastasize to the liver. The 
striking clinical finding is jaundice. The liver may 
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be enlarged. The gallbladder is distended and large 
in carcinoma of the common bile duct. It is empty 
and nonpalpable in carcinoma of the hepatic duct. 

Roentgenologic examination is limited to trans- 
parietal cholangiography and retrograde cholangiog- 
raphy following catheterization through the papilla. 

Carcinoma ¿involving the hilar portion of the 
hepatic ducts causes marked dilatation of the intra- 
hepatic ducts. Carcinoma of the common hepatic 
duct usually causes localized progressive narrowing 
of a 1—2 cm segment with proximal dilatation. The 
duct distal to the site of obstruction is of normal 
caliber. 

Carcinoma of the common bile duct, with distal 
obstruction, causes pronounced proximal dilatation 
involving the gallbladder, the cystic duct, the com- 
mon hepatic duct, and the intrahepatic ducts. It may 
be difficult to differentiate between carcinoma of the 
common bile duct and carcinoma of the head of the 
pancreas. 

Often the diagnosis of carcinoma of the biliary 
tract is made late, hence, the poor prognosis of this 
disease. Only palliative surgery then may be per- 
formed.—William H. Shehadi, M.D. 


DuscELLIER, R., Gasquet, C., Barrier, J., 
and Morann, X. Aspects etiologiques des 
stenoses du tronc coeliaque. (Stensois of the 
celiac axis: etiologic considerations.) J. de 
radiol., d'électrol. et de méd. nucléaire, Aug.— 
Sept., 1974, 55, 569-575. (Address: Dr. C. 
Gasquet, Service Central de Radiologie, 
route de limoges, 86021 Poitiers, France.) 


The authors stress the importance of routinely 
obtaining a lateral view of the opacified abdominal 
aorta, and its branches, during arteriographic studies 
of the digestive tract. As a result of this technique, 
the celiac axis was routinely visualized. This led to 
the discovery of 40 cases of stenosis of the celiac 
artery in a consecutive series of 100 examinations. 

This incidence of 40 percent is relatively high, 
and the stenotic lesion would have been missed if 
the lateral view was not routinely obtained. 

The 40 patients ranged in age between 17 and 77 
years. There were 22 males—average age of 52, 
and 18 females—average age of 69. 

The causes of stenosis are varied. They may be: 

(1) Intrinsic, invariably due to atheromatous 
disease, involving a 0.5-1.5 cm segment of the artery. 
(2) Extrinsic due to compression by: (a) carcinoma 
of the pancreas; (b) nonmalignant disease of the 
pancreas (pancreatitis and pseudocyst); (c) other 
tumorous condition—malignant tumor of the liver, 
abscess of the liver, splenomegaly; (d) stenosis due 
to compression of the arcuate ligaments of the 
diaphragm. 

In six cases, the cause of the stenosis could not be 
determined. 

The degree of stenosis varies between 50-70 
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percent. The degree of prestenotic dilatation as well 
as the development of collateral circulation are 
variable. 

Two tables and eight figures, illustrating the vari- 
ous types and degrees of stenosis accompany this 


article. —W illiam H. Shehadi, M.D. 


SwISCHUK, LEONARD E., and Tyson, KENNETH 
R. “Burned-out” pyloric stenosis: an elusive 
gastric outlet obstruction. Radiology, Oct., 
1975, 777, 373-379. (Address: Leonard E. 
Swischuk, M.D., Department of Radiology, 
University of Texas Medical Branch, Gal- 
veston, Texas 77550.) 


Classic infantile pyloric stenosis with the onset 
shortly after birth is usually readily established on 
the basis of clinical history and roentgenographic 
examination. The authors present four cases of this 
condition in which the diagnosis was not established 
until these infants were somewhat older than the 
typical case. 

These infants presented for the most part with (a) 
prolonged history of abilious vomiting, often pro- 
jectile to begin with and usually starting shortly 
after birth, (b) failure to thrive and gain weight 
properly, (c) a barely palpable or non-palpable py- 
loric muscle mass, and (d) an atypical or even de- 
ceptively “normal”? upper gastrointestinal exami- 
nation. The authors feel that the diagnosis of 
“burned-out” pyloric stenosis should be enter- 
tained whenever this symptom complex is encoun- 
tered and when the gastrointestinal examination is 
atypical or deceptively “normal.” It was often help- 
ful to find previous upper gastrointestinal studies 
which have been interpreted as being equivocal or 
thought to be normal. 

The differential diagnosis should include pyloro- 
spasm, and on occasion pylorospasm with peptic 
ulcer disease. Other rare causes of gastric outlet ob- 
struction such as antral webs, gastric duplication 
cysts, and congenital stenoses of the stomach should 
also be considered, but these are extremely rare. A 
therapeutic trial of medical management with anti- 
spasmodic therapy will usually allow differentiation 
between the two more common conditions of pyloro- 
spasm and peptic ulcer disease. 

The etiology of “burned-out” pyloric stenosis is 
not clear but the authors suggest the hypothesis that 
it may be that as smooth muscle involutes, fibro- 
sis ensues and short segment, fixed, narrowing of 
the antropyloric canal results, leading to the find- 
ings. 

The authors recommend that the treatment of 
this condition should consist first of a short trial of 
antispasmodic therapy and that if this fails, surgical 
intervention should then follow with either pyloro- 
myotomy or pyloroplasty performed, depending on 
the findings at the time of surgery.—Donald N. 
Dysart, M.D. 
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Junien, Perer J., GorpBERG, Henry l., 
MARGULIS, ALEXANDER R., and BELZER, 
FoLKERT O. Gastrointestinal complications 
following renal transplantation. Radiology, 
Oct., 1975, 777, 37-43. (Address: Henry I. 
Goldberg, M.D., Department of Radiology, 
M-380, University of California School of 
Medicine, San Franciso, Calif. 94143.) 


Clinical and roentgenographic data for 510 pa- 
tients who underwent renal transplantation were 
analyzed. Thirty-three serious gastrointestinal com- 
plications developed in 29 patients (six percent). 
Thirteen of 29 (45 percent) died of these complica- 
tions. Although the time of onset varied from 12 
hours to 30 months, most complications occurred 
within four months of transplantation, when the 
greatest incidence of rejection occurred, renal func- 
tion was depressed and immunosuppressive therapy 
was at the highest dosage level. Half of the patients 
had evidence of rejection either immediately before 
or during the onset of complications; it was also dur- 
ing this period that the clinical diagnosis of gastro- 
intestinal complications was most difficult and 
roentgenograms became the prime method of diag- 
nosis. 

All three patients with bowel infarction died 
within three weeks of diagnosis. In two patients 
severe ileus developed immediately after surgery and 
rapidlv progressed to bowel infarction. One patient 
died following spontaneous perforation of the sig- 
moid colon. Three of four patients with fistulas, 
abscesses, or both, died of gram negative sepsis. 
One of two patients with gangrenous cholecystitis 
died of gram negative sepsis. One of five patients died 
with pancreatitis and hyperamylasemia. Seven of 
nine patients with upper gastrointestinal ulcers had 
hematemesis. Two of three patients who had upper 
gastrointestinal series were demonstrated to have 
ulcers. The other six patients underwent surgery 
without prior roentgenographic examination. Other 
complications included small bowel obstruction, 
massive ileus, diffuse esophagitis and pneumatosis 
cystoides intestinalis— Yon F. Bergstrom, M.D. 


CHILES, JOHN T., and Pratz, CHARLES E. The 
radiographic manifestations of pseudolym- 
phoma of the stomach. Radiology, Sept., 
1975, 770, 551-556. (Address: John T. Chiles, 
M.D., Department of Radiology, Ohio State 
University Hospital, Columbus, Ohio 43210.) 


Pseudolymphoma of the stomach is a benign 
proliferation of lymphoreticular tissue which can 
be mistaken histologically for malignant lymphoma. 
The authors have reviewed the clinical records and 
roentgenograms of 18 patients with pseudolymphoma 
of the stomach. The average age of the patients at 
the time of diagnosis was 51 years, with ages ranging 
from 18 to 76. Only five of the patients, however, 
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were below 40 years of age. There were 14 men and 
4 women. Most patients gave a long history of gastro- 
intestinal complaints and some had noted a recent 
increase in severity. The duration of these symptoms 
ranged from four months to three years, averaging 
eleven months. 

The roentgenograms of these patients were re- 
viewed and the findings appeared to fall into three 
relatively distinct groups: tumor masses, enlarged 
gastric rugae, and benign appearing ulcers. 

All of the cases were characterized histologically 
by a proliferation of lymphoid tissue, usually in an 
irregular or nodular pattern in relationship to vary- 
ing amounts of fibrous tissue. Lymphocytes pre- 
dominated and were mature, and germinal centers 
were frequently found. 

The diagnosis of pseudolymphoma of the stomach 
is difficult to make preoperatively, in part because of 
the lack of uniformity of the clinical and laboratory 
findings. The authors believe the diagnosis of pseudo- 
lymphoma may be suggested preoperatively in pa- 
tients who have malignant appearing or indetermi- 
nate ulcers on stomach examinations and repeated 
negative gastric cytologies and biopies. 

The etiology of pseudolymphoma of the stomach 
remains obscure, however, the authors believe that 
it is most often a reaction to chronic peptic ulcer 
disease. Many of their patients had long histories 
of gastrointestinal complaints, generally with ulcer 
type symptoms. Morphologically there appears to be 
a continuum from chronic peptic ulcer with an 
associated lymphoid hyperplasia to a massive prolif- 
eration of lymphoreticular tissue which is desig- 
nated pseudolymphoma. Roentgenographically, this 
continuum extends from well defined ulcer to a mass 
with malignant appearing ulceration. It is unknown 
why occasional individuals respond to chronic 
peptic ulceration with formation of a tumor-like 
proliferation of lymphoid  tissue—E. Jerome 
Schoolar, M.D. 


PristER, RicHarpD C., WEBER, ALFRED L., 
SMITH, EDwArD H., WiıLKinson, Roserr H., 
and May, DETLIFF, A. Congenital asym- 
metry (hemihypertrophy) and abdominal 
disease: radiological features in 9 cases. 
Radiology, Sept., 1975, 776, 685-691. (Ad- 
dress: Richard C. Pfister, M.D., Radiology 
Research Office, Massachusetts General Hos- 
pital, Boston, Mass. 02114.) 


Nine patients with congenital hemihypertrophy 
and co-existent abdominal disease are reviewed. 
Congenital hemihypertrophy or asymmetry is an 
idiopathic condition which consists of enlargement 
of part or all of one side of the body. This entity has 
gained in significance in recent years because of 
demonstrated association with childhood tumors. 

Six of the nine patients in this series had abdomi- 
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nal tumors. Five of these were malignant. The re- 
maining three patients had renal abnormalities, one 
a medullary sponge kidney and the other two, 
ectopic kidneys. Of the tumors, one was of the liver, 
a hepatoblastoma. The remainder were either renal 
or adrenal. Three were Wilms’ tumors, one an adre- 
nal carcinomagand the other an adrenal adenoma. 
The etiology of congenital asymmetry is unknown 
but the condition has been associated with three 
major abdominal tumors in children. In other large 
series of patients, three percent of children with 
Wilms’ tumors had congenital hemihypertrophy, 
three percent of children with adrenal cortical car- 
cinoma or adenoma also had congenital hemihyper- 
trophy and three percent of children with hepato- 
blastoma were found to have congenital hemihyper- 
trophy. There is no definite relationship between the 
laterality of hemihypertrophy and any of the 
tumors reported. Hemihypertrophy has not been 
linked with the most common cancers of childhood, 
leukemia and lymphoma. A number of benign 
disorders such as hamartomas and congenital de- 
fects, especially of the genitourinary tract, have 
been described with the condition. Congenital 
asymmetry should not be included with the hyper- 
trophy associated with some vascular malformations 
or neurogenic disease. Although considered a rare 
disorder, congenital hemihypertrophy is probably 
more common than reports would indicate.—7. M. 


Stoebner, M.D. 


Enayat, U., WENDLER, H., and HuBMER, G. 
Zur diagnostischen Problematik massiver 
Nebennierenblutugen Neugeborener. (Diag- 
nostic problems in massive adrenal hemor- 
rhage in the newborn.) Wien. klin Wochen- 
schrift, Oct., 1975, 87, 583-588. (Address: 
Dr. U. Enayat, Universitäts-Kinderklink, 
Auenbruggerplatz, A-8036 Graz, Austria.) 


Massive adrenal hemorrhage in the newborn 
frequently presents as an abdominal mass and is 
difficult to diagnose when this is the sole clinical 
feature. Surgery is indicated for the diagnosis and 
treatment of those cases in which a malignant tumor 
cannot be ruled out with certainty from the appear- 
ance of the roentgenograms. 

Massive bleeding into the newborn adrenal gland 
is seen more frequently in the presence of a high birth 
weight, prematurity, asphyxia or trauma during or 
after birth, maternal diabetes, infection, bleeding 
disturbance, and in male infants. Causes of calcifica- 
tion in the region of the adrenal glands in addition to 
bleeding into the gland include tuberculosis, echino- 
coccosis, and tumors, such as neuroblastoma, nephro- 
blastoma, pheochromocytoma, renal cell carcinoma, 
adenomas, and ganglioneuroma. 

Three patients are presented with detailed descrip- 
tions of the clinical and roentgen findings.—Aug- 
mented Published English Abstract. 


Hysterosalp ngogram with Salpix Contrast Medium. 24-hour postinjection x-ray of same patient. 


now you see it now you dont 


CONTRAST MEDIUM 


With Salpix as your t medium, your gynecologic pa- 
tient needn't undergo ection x-ray usually 
required with iodized ol Salpix leaves virtu- alpix 
ally no irritating radiopaque residue to produce foreign-body TRADEMARK 


reactions, yet It rovides the viscosit needed for ade Wate acce CONTAINS: 
ei : j y q sodium acetrizoate 0.53 8 and 


visualization. olwinylpyrrolidone 0.23 
Contraindications: Contraindications to hysterosalpingography include the polyviny py : 8 
presence »f severe vaginal or cervical infections, existing OF recent pelvic 

infection, marked cervical erosion or endocervicitis, and pregnancy. The pro- 

cedure Is ~ontraindicated during the immediate pre- OF post-menstrual phase. 

Sensitivity Test: if indicated in the patient’s history, an intracutaneous skin test 

or sublingual absorption observation may be done with 0.1 cc Salpix. 


Warning: Not for intravenous use. © ORTHO PHARMACEUTICAL CORPORATION 1970 


ORTHO PHARMACEUTICAL CORPORATION * RARITAN, NEW JERSEY 08869 
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)) Philips Polytome ané 


x = : Now the Polytome—world’s most 
ulti-Directional sophisticated AER ns 
system — has its own snap-on 


©) 401010 raphy for examination chair for pneumo- 


encephalography. It’s never been 


a i fficient t 
neumoencephalography se onors eficient to use 
pneumo studies! 


N a fully integ rated Isocentric patient positioning 


keeps the patient’s head in the 
= fulcrum for all projections. And 
wstem 
S c j Polytome and chair are fully syn- 
chronized for proper filling of 
ventricles and temporal horns. 


elected patient positions and visualizations in a common pneumo procedure 
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Dedicated Pneumo Chair 


Compact, lightweight, easily and Add a Pneumo Chair to any new 
quickly attached, dismounted and or existing Polytome for a dedi- 
stored in the Polytome room, the cated neuroradiological system at 
new Chair gives you full use of all a fraction of the cost. Detach the 
the Polytome’s capabilities: from Chair and return the Polytome to 
linear to the famous hypocycloidal i its role as top department 
blurring motians. ..layer height : performer! 

adjustment...superb image qual- io a 

ity in every exposure...constant Now let us “pull up a chair” and 
enlargement for every layer... show you how it works. 

optimum visibility of the patient 

throughout the examination. 


BROW-UP: AP* A STAGE IN FILLING THE TEMPORAL HORNS 
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power 


behind 


Response time is vital to any C.A.T. 
—computerized axial tomography 
system. But, so is control of both 
voltage and X-ray tube emission 
current. That’s why UVC engineered 
its automatic, dual-control regulators 
to provide the instantaneous, 
precisely-regulated power supply 


essential to these diagnostic systems. 


Separate regulator circuits featuring 
independent voltage and current 
controls automatically maintain 
voltage stability and X-ray tube 
emission current that offers an 
unsurpassed combination of 
split-second timing and absolute 
power control for the C.A.T. 


HUULI) 


b. 


Write or call 





USP USP USR 
EENE 


`% EA a 
Áá 


Now, you can order direct 
from USR, a world leader in 
‘ the design and manufacture of 
It comes to X-ray accessories. A new 
illustrated catalog is just 
off the press, complete with 


X-r ay all the technical information 


you need to place your order. 


Accessories... come 
(and a free Catalog) ° Halsey Cassettes direct Ke 


e Radelin Intensifying Screens 
and Grid Cassettes 
e Wafer-Lite Illuminators USR 
e Panoramic [lluminators 
e X-CHEC Protective Aprons 
e Protective Gloves 
e Positive Film I.D. Systems 


e Film Dryers 
e Darkroom Accessories 


So, when it comes to X-ray 
accessories, come direct to 
USR. Drop us a line today. United States Radium Corporation 
y f tal ‘Il Medical Products Division 
Our free cata og WIH come 1425-37th Street 


direct to you. Brooklyn, N.Y. 11218 





One of the best 


reasons for cassetteless 





And right next to the 5'2” 
reason is a 6 8” reason — a 
stack of 100 conventional 
cassettes. 

One Rapido® film magazine 
can hold as much film as 
those 100 cassettes. Which 
means that a Picker cassetteless 
system saves a lot of loading 
time, storage space and tired 
personnel. 

Cassetteless is convenient. 
But it’s also fast, easy and sure. 
A Picker cassetteless system 
consisting of Rapido horizontal 
Bucky, Rap-X ™ film transport 
and Diplomat® automatic 


radiog 








PA 





processor delivers finished films 
in 120 seconds. 

Push-button control selects 
one of four film sizes. Total 
Exposure Automation (TEA) 
assures consistent film density 
regardless of type of study. 

Each study is correctly identified 
simply by inserting the 
patient's ID card. 

And if you interface Picker’s 
Automatic Chestfilmer with 
your Rapido system, you have a 
total cassetteless installation 
capable of handling up to 70% 
of an average department's 
radiographic case load. 
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But there’s one more good 
reason for Picker cassetteless 
radiography which your Picker 
representative will be happy to 
demonstrate — cassetteless 
economics. 

Cassetteless radiography is 
an appropriate example of 
what we mean by the concept 
of Picker’synergy —the complete 
interfacing of systems and 
services for improved diagnostic 
visualization. 

Contact your local Picker 
representative. Or write Picker 
Corporation, 595 Miner Road, 
Cleveland, OH 44143. 


PICKER 
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UNIVERSITY OF BRITISH COLUMBIA, VANCOUVER B.C., CANADA 


GENERAL DIAGNOSTIC RADIOLOGY REFRESHER COURSE 
MAY 19, 20, 21, 1976 . 


At the Bayshore Inn (Western International Hotels), Vancouver 


PROGRAM 
Wednesday, May 19 
Morning Chest Afternoon Skeletal 
—Pulmonary Edema ..........cceceeees Robert G. Fraser. —latrogenic Lesions of the Skeleton ....Ronald O. Murray. 
—Diffuse Bilateral Pulmonary Disease in Children .... —Some Interesting Aspect of Skeletal Trauma ........ 
eee eT eT eT TTS Se eT SC Tr ee J. Scott Dunbar. i etsertseee Ka) ceea se kenees cater GC; Jacobión: 
—Pleuropulmonary Changes in Non-penetrating Thoracic —Importance of Soft Tissue in Relation to Skeletal 
RONG oie 5846.5 ba Oe bE WES LES CER John G. Clement. CII 555.0 et cca kee He ice ee Ronald O. Murray. 
—Immunological Diseases of the Thorax ..Robert G. Fraser. —The Hand as a Mirror of Local and Systemic Diseases 
—Cyst and Cyst-like Lesions of the Lung in Children .. kee cece cece cece uccccee Harold G. Jacobson. 


ee Eee eT a eee eee J. Scott Dunbar. 


Thursday, May 20 


Practical Techniques 
Morning 


—Gastrointestinal Examination in Infants and Children 

ee ee ee ees eee ee ee ee ee J. Scott Dunbar. 
—Non-Operative Removal of Common Duct Stones .... 

ee ar SRR ESAT LT One H. Joachim Burhenne. 
—Angiographic Techniques in Control of Gastrointestinal 

ND AA OTA E 69:56:50 35S OAS Josef Rosch. 
—Peritoneography: Normal & Pathological Anatomy .... 

iat er Rd ated eS GARE E See eee ae Morton A. Meyers. 
—Genitourinary Examination in Neonates and Infants .. 

a hile exes th Bk RUM E O Wo wk Ro ER ase Walter E. Berdon. 
—PANEL DISCUSSION, 


Friday, May 21 


Morning Gastrointestinal Radiology 


—Diagnosis of Gallstones .......... H. Joachim Burhenne. 
—Seeded Metastases: Pathways and Diagnostic Features 
aara OSes and ae aa a aa aT Morton A. Meyers. 
—Abdominal (non-obstetrical) Ultrasonography 
Se ee ee Ee eee ee eee George R. Leopold. 
—Angiography of the Liver & Pancreas ........ Josef Rosch. 
—Anatomy of the Post-Op. Stomach ..H. Joachim Burhenne. 
—lIntestinal Effects of Pancreatitis ...... Morton A. Meyers. 
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TUITION FEE 


$200. (Canadian) payable when submitting registra- 
tion form. Fellows and Residents in approved training 
program $100. (With certification from Chief of Pro- 
gram to accompany registration form), includes 
Lunches and Coffee Breaks. 
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Film Reading Session: 


Chairman: Harold G. Jacobson 
Panelists: J. Scott Dunbar, Robert G. Fraser, Ronald O. Mur- 
ray. 


n Diagnostic Radiology 


Afternoon 
—Techniques and Advances in Myelography ....Alan J. Fox. 
—Percutaneous Biopsy of Lung, Kidney and Bone ...... 
TLE TETT bi aw sa E E ena N ENNA OAS Anthony F. Lalli. 
—Chest Radiography .................. Robert G. Fraser. 
—Equipment and Techniques in Abdominal and Obstetri- 
COl UIWGBOURG 6.6. é-6 6c cdc ceuess wir George R. Leopold. 


—PANEL DISCUSSION. 


Afternoon Genitourinary Radiology 
—Controversies on Refiux, Infection and Pyelonephritic 
RUNG Sci to nid Sree bier Si ee Bae See Walter E. Berdon. 
—Renal Papillary Necrosis .............. Anthony F. Lalli. 
—Renal & Adrenal Angiography ............. Josef Rosch. 
—Obstetrical Ultrasonography ........ George R. Leopold. 
—Obstructive Uropathies .............. Walter E. Berdon. 
—Calculi and Calcifications of the Urinary Tract ...... 
re A eee ee ee ee Anthony F. Lalli. 
ACCREDITATION 


The course is approved for 18 hours of credit in 
Category 1 for the Physicians recognition award of 
the American Medical Association. 


$10 Cancellation Fee for Withdrawals after May 5, 1976 
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Return with cheque payable to: RADIOLOGY REFRESHER COURSE, C/O D. Gordon Garrow, Department of 
Diagnostic Radiology, 10th Avenue & Heather St., Vancouver, B.C. V5Z 1M9, Canada. 


Accommodation Requested: Single 


Date of Arrival 


Double 
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Barium, Barium Systems, 
and Ancillary Products 


formulated and designed to meet the realistic 
needs of the Modern Radiology Department 


o) System of 
e-z-em YyOur choice 


| | 111 SWALM STREET 
Westbury, N.Y.11590 (516) 333-8230 


international Affiliates: E-Z-EM Rooster B. V., Infirmeriestraat 6-8, Rotterdam 16, Netherlands 
E-Z-EM De Mexico. S. A de C V. Calz. Azcapotzalco La Villa No 882. Zona Industrial Vallejo. Mexico 16 D F 





SIEMENS 


Opimatie Generators 
Designed-in X-ray serviceability. 


Siemens Optimatic generators are the first 
X-ray systems with designed-in serviceability. 

A three-part program helps you get the most from 
your X-ray equipment and keep it operating. 


Siemens Optimatic generators are equipped 
with an Automatic Fault Finder that tells when 
your X-ray equipment is functioning normally. 
It also provides an easy way to discover what is 
wrong whenever faults occur. In the event of 
malfunctions, the Automatic Fault Finder, built 
into the control cabinet, helps pinpoint the 
problem. No time-consuming and complicated 
circuit tests and measurements are needed. 
Repair work can be started immediately. 


Finding a fault is one thing. Having the parts to 
correct it is another. Siemens technicians are 
equipped with Service Support Kits containing 
all of the most frequently used parts. 


In addition, Siemens service technicians carry 
complete Microfilm Case Histories of every X-ray 
system they service. These case histories 
include circuit diagrams, installation, modifi- 
cation and service records. And they are portable, 
eliminating the need to check office files for 
vital information. 


Optimatic Generators with designed-in service- 
ability. Three new service innovations from 
Siemens. Write for detailed literature. 


Siemens Corporation 


Medical Systems Division 
186 Wood Avenue South, Iselin, New Jersey 08830 (201) 494-1000. 
In Canada: Siemens Canada Limited, P.O. Box 7300, Pointe Claire 730-P.Q. 





a8 BS 


A Microfilm Case History of circuit diagrams 
for a Siemens X-ray unit. 





utomatic Fault Finder built into the 
entral generator control cabinet. 
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A typical replacement circuit board in the 
Siemens Service Support Kit. 
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redi-FLOW puts convenience on tap- 
with four studies from one source. 


Now—a presuspended, prehydrated barium preparation that’s easy and economical to use in all gastro- 
intestinal radiological studies: 

esophageal upper G.I. routine enema air contrast enema 
Time-saving redi-Flow is flavored, concentrated, prehydrated, autoclaved, and homogenized. 
Ready to use—with simple dilution directions for each type of study (no blender needed). 


Produces consistent, uniform coating in all radiological examinations, including 
excellent readings in post-evacuation films. 


Available in individual 16 fl. oz. cans; for added thrift, a plastic top is included to = 
facilitate refrigeration for later use. -A ruRpose susrest 


tedi- FLOW. 7 
Wain SRE OO 


All-purpose Suspension redi-Flow (barium sulfate 100% W/V). 





Simplifying without compromising 


FLOW PHARMACEUTICALS, INC. 
Palo Alto, CA. 94303 





Now the complete, 
flexible ultrasound system: 


— TheRT-400. 


For dynamic,two-dimensional, 
real-time, high-resolution imagin 
Today and tomorrow 













For more information, write or call: 

Grumman Health Systems 
400 Crossways Park Drive 
Woodbury, New York 11797 
(516/575-3513) 


The Clinac 18 


Varian Commitment Stands Out 


Varian’s commitment to radiotherapy has resulted in the powerful 
Clinac 18, a multi-modality accelerator with 10 MV photons and 

6 to 18 MeV electrons. Today the Clinac 18 serves over twenty 
radiation therapy centers and has become the most widely selected 
radiotherapy accelerator in its energy range. 


But the record shows Varian commitment means even more. 

It means response... our trained field support staff has nearly 
tripled during the past 2 years. It also means design evolution... 
our engineering team is constantly seeking ways to make 
refinements, with retrofitability wherever possible. 


This is the meaning of Varian commitment. Clinac users have 
known it for 15 years. 


Varian Radiation Division, 
611 Hansen Way, 
Palo Alto, CA 94303 


Phone: 415-493-4000. 
World-wide sales and service. 








f 
F4 











CHARLES C THOMAS • PUBLISHER 





AN ATLAS OF POLYTOME PNEUMOGRAPHY 
by Taher El Gammal and Marshall B. Allen, Jr., 
both of Medical College of Georgia, Augusta. 
Assisted by Paul Dyken. This atlas presents a 
large number of studies which supplement the 
study of normal anatomy of the cerebrospinal 
fluid pathways and provide comparison for the 
identification of abnormal structures. Concentra- 
tion is on the findings of polytome pneumog- 
raphy but, where possible, correlations are made 
with angiography, positive contrast ventriculog- 
raphy, and CAT examinations. Relative values of 
these different examinations are demonstrated. 
Topics include normal CSF pathways, atrophy, 
hydrocephalus, intrasellar subarachnoid recess— 
sellar and suprasellar lesions, and metasellar mass 
lesions—herniations. ’76, 480 pp. (8 1/2 x 11), 
729 il., $39.50 


THE HAND ATLAS by Moulton K. Johnson and 
Myles J. Cohen, both of UCLA, Los Angeles, 
California. This atlas portrays the anatomy of the 
hand as the surgeon will encounter it in the 
operating room — layer by layer, beginning with 
the skin and ending with x-ray studies of the 
bones. Photographs of dissections of unem- 
balmed specimens are all approximately life-size 
or larger, resulting in better illustrations. Topics 
include the distal volar forearm, the palm, 
thumb, fingers, the radial side of the hand, spaces 
of the hand and wrist mechanics. ’75, 108 pp. (8 
1/2 x 11), 121 il. (8 in color), $22.00 


“TRAUMA” AND “NO-TRAUMA” OF THE 
CERVICAL SPINE edited by Kenneth R. Kat- 
tan, Univ. of Cincinnati College of Medicine, 
Cincinnati, Ohio. (11 Contributors) This com- 
plete volume on the topic of cervical spine 
trauma includes descriptions and excellent illus- 
trations on the anatomy of the cervical spine and 
numerous varieties of trauma, their assessment 
and management. Discussed are the many 
symptoms attributed to cervical spine trauma as 
well as diseases which provoke this malfunction. 
The authors deal not only with trauma, but also 
with how to differentiate it from other condi- 
tions including the normal. ’75, 328 pp., 292 il., 
$24.50 


ADMINISTRATION OF A RADIOLOGY DE- 
PARTMENT: Hints for Day-to-Day Operation by 
Murray L. Janower, St. Vincent Hospital, Wor- 
cester, Massachusetts. Various systems which can 
be applied to the radiology department to insure 
efficient functioning are presented in this book. 
In addition to a general overall look at a totally 
functioning diagnostic radiology department, the 
various subunits in a department are dissected 
and discussed in detail. All of these discussions 
are supplemented by a great deal of statistical 
data. Specific attention has been given to the 
methods used in handling patients, the establish- 
ment of a quality control program, efficient 
production of radiological reports, methods of 
film interpretation, and darkroom operations. 
76, 72 pp., 8 il., 7 tables, $7.50 


THE FUNDAMENTALS OF X-RAY AND RA- 
DIUM PHYSICS (Sth Ed., 4th Ptg.) by Joseph 
Selman, Univ. of Texas, Tyler. Most of the 
material in this new, completely revised and 
updated edition has been rewritten to simplify 
and clarify further the important physical con- 
cepts, although the fundamentals have undergone 
relatively little revision. Many of the illustrations 
have also been revised or completely redrawn. 
New sections have been added on solid state 
rectification, newer types of mobile apparatus, 
special tubes for mammography, xeroradiog- 
raphy, and saturable reactor for control of 
filament current. *75, 552 pp., 306 il., 16 tables, 
$12.95 


ELEMENTS OF RADIATION PROTECTION by 
Ronald V. Scheele and Jack Wakley, both of the 
Univ. of Virginia School of Medicine, Charlottes- 
ville, Virginia. Information in this textbook 
includes atomic structure, ionizing radiation, 
interaction of radiation with matter, sources of 
radiation exposure, biological manifestation of 
radiation exposure, permissible dose limits, prin- 
ciples of radiation protection and monitoring 
devices. Several chapters of the book deal with 
federal performance standards and Atomic En- 
ergy Commission regulations. ’75, 112 pp. 15 il., 
10 tables, $7.95, paper 


Orders with remittance sent, on approval, postpaid 
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Springfield e¢ 
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Hanley Space Saver X-Ray and Medical Record Cabinets 
are installed in most hospitals in America. 


Top quality and low price is the reason. 
5 compartment with doors—$199.50 
5 compartment less doors—$171.50 
Brochure F.O.B. Factory 


AMERICA'S LARGEST DISTRIBUTOR OF X-RAY CABINETS 


HANLEY MEDICAL EQUIPMENT CO. 
5614 South Grand X-Ray Division St. Louis, Mo. 63111 
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hire 
you? 


Of course you would. You work hard. 
And you're good at it. 
Like most Americans. But, if all of us 
did just a little better, we’d 
wind up with better products, better 
services and even more pride 
in the work we do. 

















America. It only works 
as well as we do. 


The National Commission on fd Washington, D.C, 











In reply to advertisers 
please mention that you saw 
their advertisement in 


THE 
AMERICAN JOURNAL OF 


ROENTGENOLOGY 


published monthly for 
The American 
Roentgen Ray Society 
by 


CHARLES C THOMAS e PUBLISHER 
Springfield, Illinois 62717 





Bind Your 
Journal Issues 
Into Valuable 

Vigilant Volumes 


Pertinent information you sometimes desperately need is too often 
in the Journal issue you cannot find. Single copies have a way of 
getting lost, misplaced or destroyed. It is better for you to let us 
permanently bind each journal into semi-annual or annual volumes 
—then your reference source is always complete, organized and 
instantly at your service. We call them "Vigilant Volumes''; they 
so carefully store and provide on instant notice so much knowl- 
edge of timely value. 





The cost per "Vigilant Volume," by official commission from the 
journal publishers is but $5.95 per volume, permanently hard bound 
in washable buckram, gold embossed with period dates, journal 
name and special insignia—plus your name stamped in gold leaf. 
"Vigilant Volumes'' are handsome library additions too, real con- 
versation pieces. These volumes are bound in the authorized colors. 


HOW TO ORDER 
Simply ship your journal issues to us via parcel post, together with 
your mame, address, AND REMITTANCE, at $5.95 per volume. 
Within 45 days after receipt, bound volumes will be shipped to you. 
Price subject to change without notice. Please remit 50¢ per volume 
for return transportation and handling. 


PUBLISHER'S AUTHORIZED 
BINDERY SERVICE, Ltd. 


(Authorized Binders of All Journals) 
4440 W. Roosevelt Rd. 
Chicago, Illinois 60624 





CGR's Titanos Program. 
Suddenly you have the 


services of five generators- 
from one generator. 


Meeting the generator 
needs of X-ray 
departments can be a 




















costly-and sometimes 
unpredictable-necessity. 





And one requirement is 








versatile, 


significant benefit of a completely 
modular, remote unit programming 
system that permits the versatile 
operation of up to four additional 


rooms off of one generator. 

You start with the 
Titanos P generator — a 
three phase, 42 pulse unit 
available in four power 
ratings from 50 to 125 kW. 
Complete with fluoroscopy, 
anatomical radiography 
and special technique 
modules. 

From here you expand 
to one, two, three or four 
additional remote 
terminals. Each operating 
through the master 


always there-the need 
more than one powerful 
three phase 
generator. 


CGR fills this basic need with the new 
Titanos Program. It offers the 








for 
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generator — and each acting asa 


master generator—via a unique time- 


sharing process. Each capable of 
operating a specific x-ray system for 
specific applications. A chest unif. 

A general radiographic table. A skull 


system. Or even a sophisticated tomo 








CGR MEDICAL CORPORATION 
2519 Wilkens Avenue 


Baltimore, Maryland 21223 
(301) 233-2300 

CGR CANADA Ltée-Lid. 

500 Boulevard de |I’'Aéroparc 
Lachute, Québec, Canada 
(544) 562-8806 


or remofe system. 

All told, the basic 
capacity of one system is 
96 programs. The 
versatility of a three phase 
generator in five rooms. 
Increasing your 
department operations, 
flexibility and 
performance —ata 
significant decrease in 
cost. 

Your CGR representative 
has all the details. 


We've 
made our 










The symbol you see in 
the center of this page is the 
new mark of The Advertising 
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To the thousands of employers who 
have signed the Statement of Sup- 
port for the Guard and Reserve, our 
sincere thanks. To those who haven't, 
please think it over. It’s one of the 
best investments you can make. And 
a commitment to your own con- 
science. 

A strong Guard and Reserve is an 
absolute must for America. Perhaps 
more so now than at anytime in our 
history. Today, this vital volunteer 
force represents almost 30% of our 





total military personnel needs—at a 
cost of only 5% of our entire defense 
budget. 

You, as an employer, can help 
keep the Guard and Reserve trained 
and ready. This means all employers 
—the large, small, and those in be- 
tween. Everyone who knows and val- 
ues the freedom we live in. 

Your signature on the Statement 
of Support is a pledge to back your 
employees who serve in the Guard 
and Reserve. It’s an assurance that 


A Public Service of This Magazine & The Advertising Council 





a couple of weeks on military duty 
won't limit their job opportunities. 
And for you, it means more produc- 
tive, more responsible employees. 
Because in the Guard and Reserve 
they'll sharpen acquired skills and 
learn new ones, develop a real sense 
of leadership, add to their earnings 
and retirement benefits. 

To receive your Statement of Sup- 
port, or more information, write: 
EMPLOYER SUPPORT, Arlington, 
VA 22202. 


E-Ge 


EMPLOYER SUPPORT OF 
THE GUARD & RESERVE 


Early Gastric Cancer 


To be recognized, this lesion demands radiographic detail of ex- 
quisite quality as it involves either gastric mucosa alone or mucosa 
and submucosa alone. Regardless of size, the lesion usually is cur- 
able (Japanese authors). Its hallmarks include the following mucosal 
abnormalities (coded for reference in illustrations): 

Thick fold (t); clubbed fold (c); pointed fold (p); superficial erosion 
(e); superficial ulcer (u); normal mucosa within erosion (m); normal 
mucosal fold (n); convergence of abnormal mucosal folds (v). 

Case | through Case V represent selected radiographic views of mu- 
cosal contrast studies of different patients with early gastric cancer. 


Case l— Early gastric cancer — anterior wall of 
the body. Figure A is a line drawing of Figure B 


Case Il— Early gastric cancer — 
anterior wall of the antrum. 


Radiographs and caption material from the American 
College of Radiology—An Atlas of Tumor Radiology— 
Yearbook Medical Publishers, Inc. Reprints of this and 
subsequent reports available upon request. Please 
write Eastman Kodak Company, Dept. 740B, Radiography 
Markets Division, Rochester, New York 14650. 





Case Ill—Early gastric cancer—posterior 
wall of the body. 


Case IV—Early gastric cancer—anterior 
wall of the upper portion of the body. 


Case V—Early gastric cancer—posterior 
wall of the body. 


Diagnosing disorders like these calls for consistently ex- 
cellent radiography. 

A clearly defined, high-quality image is vital to 
strengthening and supporting your decisions. And that’s 
the image that sturdy Kodak X-Omatic cassettes help 
deliver. 

As in the cassette pictured here, the curved panel de- 
sign rolls out air for intimate film/screen contact. The 
result? A high-quality image characterized by excellent 
definition and detail. 

Kodak offers a choice of x-ray films designed to meet 
your specific needs. For more information, 
contact your Kodak Technical Sales Repre- 


mm sentative or your dealer in Kodak medical 


x-ray products. 
A commitment to quality. 








Your 
knowledge... 
the film of your 
choice and... 
HUNT X-RAY 
CHEMISTRY 
for maximum 
information in 
automatic 

film processing 












With broad years of experience in radiology, 


you recognize the importance of achieving 
more readable films. 


Hunt Chemistry will increase the diagnostic 
value of any film you process. Hunt formulas 
maximize informational content, producing the 


full range of densities inherent in the films. 


For medium to long scale contrast, Hunt 
Universal 90 Developer & Replenisher offers 
optimum results. If high contrast characteristics 
are desired, use Hunt Type 2 Premium 90/90 


Developer & Replenisher. 

Hunt chemical processing systems are 
respected for their consistent high quality. 
These concentrates come to your X-ray 


department full-strength and in “factory-fresh” 


containers. 


Because Hunt markets 
Th its products on a direct 
e basis, you can save up to 
33% over other major 
chemical manufacturers’ 






Image 
Maker 


Photographic Industry Group call Hunt today. 


systems. 





Philip A. Hunt Chemical Corporation, Palisades Park, N.J. 07650 


Philip A. Hunt Company (Canada) Ltd., Toronto 
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GE research solves the primary problem of 
existing total body scanners—motion unsharpness. 





GE fast-scan 
computerized tomography: 
a whole new generation. 


360° CONTINUOUS SWEEP 





Third generation: GE’s continuously rotating pulsed 
fan beam scanning. 5 to 10 seconds. 


First and second generation units aren’t 
fast enough for total body scanning. 


First and second generation computerized 
tomography systems have one major problem: 
image blurring caused by patient movement 
during body scans. 


General Electric research has developed a fast- 
scan technology that is launching a new third 
generation of computerized tomography (CT) 
systems. The faster scans provide clear, 

sharp images. 

During body studies, patient movement caused 
by breathing can result in motion unsharpness. 
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First generation: Pencil beam rectilinear scanning. 
4% to 5% minutes. 


To really tackle this problem, ascan should take 
less time than a patient can hold his breath 
comfortably—10 seconds or less. However, 
existing computerized tomography systems 
cannot match this speed. 


First generation units, using a pencil beam with a 
1° incremental rotate-and-translate principle, 
take 42 to 5⁄2 minutes to complete a 180° scan. 


Second generation systems use multiple pencil 
beams and more detectors—up to 30. Rotation is 
in larger angular increments. This configuration 
takes from 20 seconds to 3% minutes per scan. 
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Second generation: Multiple pencil beam rectilinear 
scanning. 20 seconds to 3% minutes. 


GE develops continuously 
rotating fan beam technology for 
fast-scan capability. 


In developing an entirely new total body system, 
GE engineers and scientists abandoned the 
incremental rotate-and-translate approach of 
first and second generation units, with their 
inherent mechanical instability and resultant 
speed limitations. Instead, GE used a simpler, 
more stable mechanical approach, in which the 
tube and detectars rotate smoothly about the 
body in a continuous 360° scan, without need 
for translation. 


This new third generation technology combines 
a continuously rotating, pulsed, wide fan x-ray 
beam with a unique high-pressure xenon 
detector array of up to 320 stable detectors. 
Advanced electronics are included to read out 
the huge volume of data. And GE has 
successfully conceived and implemented a new 
computationa! approach compatible with 
diverging fan beam geometry. 


Third generation fast-scan technology 
proven on CT/M system. 


GE’s first application of fast-scan technology 
utilized computerized tomography’s tissue 
density differentiation capability in the 
challenging area of breast examinations. This 
unit, called the CT/M system, is currently being 
Clinically evaluated. Scans are completed in just 
10 seconds. Patient handling is minimized. If you 
are interested in further information about the 
CT/M system, contact your GE representative or 
write for Publication 4675. 





CT/M System 


Fast-scan CT: backed by GE. 


GENERAL QA ELECTRIC 





CT/T System 


CT/T system performs body scans 
in less than 5 seconds. 


The CT/T system for total body scanning is 
moving into the clinical environment. Scan time 
for the CT/T unit is 4.8 seconds. GE engineers 
believe this unprecedented scanning speed will 
provide consistently sharp, clear images for 
body studies. First production units are 
scheduled for the last half of 1976. The new 
CT/T systems represent the culmination of one 
of General Electric’s most extensive research 
and development programs. 


There’s a corporate commitment behind 
GE scanning equipment. 


All General Electric scanning systems are 
backed by the same company that has been 
serving radiology since the revolutionary 
Coolidge x-ray tube was introduced 63 years 
ago. And that kind of corporate dedication to 
excellence in medical equipment continues 
today... with the development of continuously 
rotating, pulsed fan beam technology. 


As you consider CT scanning equipment, 
remember GE’s continuous commitment to 
technology, product quality and service. That 
commitment is an important part of every GE 
medical system. 


General Electric continues its commitment to 
the total radiology department. 


GE: innovation 
through technology. 


General Electric’s extensive CT scanning 
development program represents only part of a 
total technological commitment to radiology. As 
the nation’s leading manufacturer of x-ray 
equipment, GE is pledged to meeting the total 
needs of radiology departments. A continuing 
investment in research has resulted in new ideas 
and product innovations that solve day-to-day 
departmental problems. Here are some examples: 


How to give one procedures 
room the capability of two. 


The LAD system adds the capability of a 
dedicated coronary procedures room to a 
classical vascular room, permitting all 
angiographic procedures. Even the axial 
projection of the left anterior descending 
coronary artery is obtainable with the LAD 
system. The unique design features an 
angulating tube and intensifier with detachable 
linkage, combined with a rotating patient cradle. 
Radiation is minimized, with the primary beam 
shielded by a lead-lined table base. You get 
Fluoricon® 300 image quality, excellent rigidity 
and positioning ease. The LAD system: total 
angiographic capability at minimum cost. 





When to use first and second 
generation CT scanners. 


The slower scan times of first and second 
generation CT systems are acceptable for 
studies of the head. Here, the anatomy can be 
immobilized, reducing motion unsharpness. 





CT/N System 


High quality image performance is provided at a 
moderate cost. For departments where 
economics and/or volume indicate a need for 
this type of scanner, GE offers the CT/N system 
...a dedicated neuro unit. Both first and second 
generation CT/N systems are available, with 
scan times of 4% and 2 minutes, respectively. 
All CT/N systems feature Individual Patient 
Discs, which serve as a permanent patient 
record. These discs store up to eight 
tomographic scans which can be reconstructed 
and manipulated at the control console ora 
viewing unit at any time. 





Telegem 90 System 


How to get your new R&F room 
installed in 3 weeks or less. 


“Pre-staging”’ is a new service now being offered 
by General Electric. Before your new pre-staged 
system leaves our plant, it is completely set up 
and checked out. All components are 
assembled, all wiring is checked and all 
mechanical and electrical functions are tested. 
We make sure your system is completely 
operational before it’s installed in your 
department. Pre-staging is available on all GE 
“preferred” vascular and R&F systems, including 
Televix™ and Telegem® remote systems. Most 
pre-staged systems can be fully installed in the 
hospital in just three weeks or less, from start 

to finish, minimizing departmental downtime, 
maximizing patient throughput. 


How to give your tube unit 
solid support. 


The XT suspension 
provides exceptional 
Stability for the tube unit 
and allows remarkably 
smooth, precise 
equipment positioning 
anywhere in the room, 
with the patient on-table 
or off. The ease of motion 
facilitates a broad 

range of procedures, 
including cross table 
studies. A unique cable 
trim-arm keeps cables 
orderly and away from 
the work area. 


XT Suspension 





How to manage data... instantly. 


To help radiology departments handle large 
volumes of data, GE has developed two 
important systems. Maxifile™ system stores data 
on hundreds of thousands of patients, and any 
element of the files can be retrieved in seconds. 
As patients enter the department, previous 
records can be instantly retrieved. Films can be 
quickly located. And lost billing is virtually 
eliminated. Raport® is a computerized 
radiographic reporting system. As films are 
read, the radiologist fills out a mark-sense form. 
In seconds, the Raport system converts the 
marks into a complete typed report, ready for 





Raport/ Maxifile 


signature. The combined Raport/Maxfile system 
gives the radiology department instant data 
management. 


How to get fast, reliable service. 


When you select GE, iii 





you get a corporate 
commitment that goes 
beyond the equipment. 
We want you to get 
maximum performance 
from each system over 
its full life. That’s why 
GE is committed to 
supplying the people, 
the parts and the 
training necessary to 
give you fast, depend- 
ableservice... 
whenever you need it. 
General Electric Medical Systems, 
Milwaukee, Toronto, Madrid. 


GE: leading the 
way in x-ray. 
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Sakura X-ray EE E 
intensifying Screens. , 


Definition is the difference. ! 





Especially effective in the higher voltage ranges, Sakura X-ray intensifying screens offer higher 
contrast over a longer life. The advantages are worth considering. Reduced radiation. 
Minimal loss in resolution. And longer X-ray tube life. 


Featuring improved physical and chemical properties, Sakura X-ray screens demonstrate higher 
surface purity and higher resistance to abrasion. And they are easy to maintain. A plastic coating 
guards against grime, guaranteeing superior performance after years of continual use. 


Sakura X-ray intensifying screens come in popular sizes and are ava lable in three speeds. 
QD type for excellent contrast without loss of definition. QH type for faster, finer definition. 
And QS type for fastest, finest definition. 





Sakura Medical Corporation 

Radiographic Film and Instrumentation 

57 Bushes Lane, Elmwood Park, New Jersey 07407 
(201) 794-0800 


Sakura X-ray intensifying screens. Higher 
contrast. Longer life. And less expensive 
than comparable types. 





SAKURA 


AMERICAN JOURNAL OF ROENTGENOLOGY 


VOL. 126 — APRIL 1976 NO. 4 


DIAGNOSTIC RADIOLOGY 


Virus Diseases of Bone. Do They Exist? The Neuhauser Lecture. Frederic N. BOVINE, MO i240 isceiawiewetaincs TT 


Loss of Colonic Haustration in Progressive Systemic Sclerosis. William Martel, M.D., Stanley F. Chang, M.D., and Murray R. 
Abell, M.D.... 


The Spotted Nephrogram of Renal Scleroderma. Jeffrey Winograd, M.D., Daniel H. Schimmel, M.D., and Alphonse J. Palubinskas, 
M.D. ERA E T E E ead S EEI ETE ET a E 

The Role of Emergency Excretory Urography in Evaluation of Blunt, Abdominal Trauma. Eugene J. McDonald, Jr., M.D., Melvyn 
Korobkin, M.D., Richard P. Jacobs, M.D., and Hideyo Minagi, M.D........cccccucccccccccccccce. Saata ERTE 

Arthrography in Total Hip Prosthesis Complications. Martin |. Gelman, M.D......-ccccceeecccee EERE T 0005 ETT 

The Grooves of the Distal Articular Surface of the Femur —A Normal Variant. R. Brent Harrison, M.D., Mary Beth Wood, M.D., 
and Theodore E. Keats, M.D.......... ‘ 


NUCLEAR MEDICINE 


Radionuclide Imaging in Skeletal Inflammatory and Ischemic Disease in Children. Massoud Majd, M.D., and Robert S. Frankel, 
M.D. 63 OOO: a B.16..8: 6 @.6 6.6.6 16: 6 8 86'S: 8 8-8 0658'S 168 O28 OBO 60, R EAE 0:6 O90 GO 666 6:66.46 6 BO BO 6.0106 6.07010 016 0:60.60. 016164868 
“Doughnut” Sign in Brain Scanning. Yavuz A. Tarcan, M.D., William Fajman, M.D., Joseph Marc, M.D., and David Berg, D.O.... 


ULTRASONOGRAPHY 


Ultrasonic Evaluation of the Unilateral Nonvisualized Kidney. John P. Marangola, M.D., Patrick J. Bryan, F.R.C.R., and Farhad 
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Coming Next Month: International 
Conference on Bone Miineralization 


American 
Journal of 
Roentgenology 





Barium, Barium Systems, 
and Ancillary Products 


... formulated and designed to meet the realistic 
needs of the Modern Radiology Department 


a System of 
E-z-em YOUr choice 


| | 111 SWALM STREET 
Westbury, N.Y.11590 (516) 333-8230 
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BADLY YOU NEED THESE MACHINES. 
& 300 va ae 


14 17" FILM CAPACITY and work you can save with the 
X Motorized Viewer. 
We are now working on our second 


we PUSHBUTTON AUTOMATIC thousand installed machines. So we 
CONTROLLER SELECTOR. must have something right! Now 


i BUILT-IN FLOATING it's up to YOU. Think about t, 
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MV200A 
MV300A 


SAVES TIME 


Makes Film Reading Easier. 


Brochures, Dimensions, Prices and Users * 

aan ge | | FLOATING BRIGHT SPOT 
List available on request. Phone or write 

for complete information. A 32” diameter Moving Spotlight 


built into the machine. Completely 

motorized, the spot can be moved 

MANUFACTURED BY: to any point on the viewer to read 

S. & S. X-RAY PRODUCTS INC. dense areas. Two speeds in both 

horizontal and vertical directions 
permit fast, pinpoint accuracy. 








87-93 JAY STREET, BROOKLYN, N.Y. 11201 
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For more information, call! or 
write: Searle CT Systems, 4233 
No. United Parkway, Schiller 
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678-8650. 
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GUIDELINES FOR AUTHORS 


The AMERICAN JOURNAL OF ROENTGENOLOGY 
publishes original and timely contributions to the 
advancement of radiologic diagnosis and treatment. 
Although the content is predominantly clinical in 
origin, laboratory investigations are accepted when 
their relevance to clinical practice is demonstrable. 
Contributions are reviewed by two outside con- 
sultants and are accepted on condition that they 
are submitted only to this Journal and that they 
will not be reprinted or translated without consent 
of the Editor. Statements within an article are the 
responsibility of the authors and not the Journal 
or its publisher. 

Address all manuscripts and correspondence to 
the Editor, Dr. Melvin M. Figley, 403 Pacific 
National Bank Building, 4545 15th Avenue N.E., 
Seattle, Washington 98105. 


Manuscript Form 


Manuscripts should be typed double-spaced 
throughout, including references, tables, and foot- 
notes. Tables, footnotes, and figure legends should 
be on separate sheets, and a separate title page 
should be provided. In addition to the original type- 
written copy, a duplicate copy complete with fig- 
ures, tables, and references is required. 

Figures should be submitted as 5”X7" glossy 
prints, untrimmed and unmounted. Identifying in- 
formation (author name, figure number, and indica- 
tion of the top of the figure) should be attached to 
the back of each figure with a gummed label. Line 
illustrations and graphs should be drawn in black 
ink on white background. Labels on all figures 
should be of professional quality and sufficiently 
large to be easily read when reduced in size. 

References should be cited in the text by number 
(e.g., [3, 4]). The bibliography should be arranged 
in the numerical order that references are cited in 
the text and typed double-spaced throughout. Data 
for each reference should be arranged according to 
the uniform style on bibliographic citations adopted 
by many biomedical journals. Abbreviations for 
titles of medical periodicals should conform to those 
published in Jndex Medicus. Examples: 

1. Miller RE, Chernish SM, Skulas J, Rosenak BD, 
Rodda BE: Hypotonic roentgenography with 
glucagon. 4m F Roentgenol 121:264-274, 1974 

2. Boijsen E: Superior mesenteric angiography, in 
Angiography, edited by Abrams H, Boston, 
Little, Brown, 1971, pp 1091-1119 
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Title page. Titles should be brief and specific. 


Include full names and addresses of all authors and 
acknowledgment of grant support when appropriate. 

Abstract. A description of the purpose, methods, 
results, and conclusions of the study is required. It 
should be informative to a reader who has not read 
the text of the article. 

Key indexing words. Five to 10 words or short 
phrases should be supplied to enable cross-indexing 
of the article. 

Introduction. Clearly state the purpose of the in- 
vestigation including necessary background facts. 

Materials and methods. Describe the protocol 
clearly so that an experienced worker can under- 
stand what was done. Use standard abbreviations 
as presented in the Council of Biology Editors Style 
Manual, 3d edition. 

Results. Present results in logical sequence. 

Discussion. Interpret the results to lend meaning 
and importance to the observations. If hypotheses 
and speculation are included, they must be labeled 
as such. When results differ from those of previous 
investigators, an attempt should be made to explain 
the discrepancy. 

References. Only include those references which 
provide adequate background and present fairly any 
opposing evidence and concepts. Accuracy of refer- 
ence data is the responsibility of the author. 

Legends. Legends should be brief but should pro- 
vide sufficient description to interpret the figure. 


Special Communications 


Case Reports. Concise case reports are accepted if 
they present unusual experiences that are medically 
important and educational. Clarity and brevity are 
essential. 

Technical notes. Brief descriptions of new tech- 
niques or significant modifications of older ones 
which are directly applicable to clinical practice 
will be accepted. 

Letters to the Editor. Letters should be limited to 
between 250 and 500 words. Criticism of published 
articles should be objective and constructive. Let- 
ters may also discuss matters of general interest to 
radiologists. 


Proofs and Reprints 


Copy-edited manuscripts are sent to the author 
for checking prior to typesetting. Galley proofs will 
be sent for correction of typographical errors only. 
The corrected proof, copy-edited manuscript, and 
the reprint order should be returned directly to the 
Editor. If the author fails to return proof by the 
date specified, it may be necessary to publish with- 
out the author’s approval. 





Excellent visualization in intravenous pyelogram 18 hours after administration of 22 oz. X-PREP Liquid for 
preradiographic bowel cleansing. (In the files of the Medical Department of The Purdue Frederick Company.) 


To prep the bowel for intravenous pyelography 


X-PREP Liquid 





standardized extract of senna fruit) 


One step e One dose « One bottle 


O X-PREP Liquid is designed 


O A single 2v2 oz. oral dose is O Pleasant taste meets with high 
specifically for preradiographic usually all that is required. No patient acceptance. Ease of 
bowel cleansing — without enemas, residual oil droplets (such as may administration is appreciated by 
suppositories or overhydration. occur with castor oil). the patient and nursing staff. 


Gray Pharmaceutical Co., Affiliate 
The Purdue Frederick Company 
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In May 1974, Ted Bauerle, Du Pont Senior 
Technical Representative, called in Jack Stevens, a 
Du Pont Medical X-ray Specialist, to consult with 
the radiological staff at Loyola. 

Jack and Don Falduto, Chief Technologist, 
conducted a Repeat Analysis of 2,301 discarded 
films, classifying them by cause for rejection. 

Then, based on Du Pont recommendations, 
the Radiology Department instituted corrective 
programs to reduce repeats. 

After just one year, significant improvements 


DuPont consultation 


saving $12,300 


Leon Love, M.D., Chairman, Radiology Department, Foster G. McGaw 
Hospital, Loyola University Medical Center, Maywood, Illinois. 
Ted Bauerle, Du Pont Senior Technical Representative. 









have been made, according to Leon Love, M.D., 
Chairman of the Department. 

A second Repeat Analysis showed only 702 
discarded films. Projecting these figures annually, 
the Department realized a $12,300 savings from 
the 69% reduction in repeats. 

Savings like these are typical of the results 
which can be achieved when Du Pont works with a 
Radiology Department to increase efficiency and 
improve radiographic quality. 

In the words of Marianne Troy, R.T., Adminis- 


helped reduce repeats 69%, 
Loyola University Medical Center. 





trative Assistant for Radiology, “Du Pont was the 


catalyst in making us aware of our repeat problems Personal Involvement: 
and what corrective action might be taken. h k li a 
“As a result of our own programs, we now the ey to extra qua ity in 
~ have repeats at a controllable level. Our next goal is radiologic systems 
kj 


to strive for even better performance and 
radiographic quality. 
It's all part of Du Pont’s commitment: personal 
involvement and quality in everything we do and d | p l NT 
sell to provide reduced operating costs and better 
patient care. EEPE 
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Diagnostically adequate filling of the gallbladder often 
takes place within 5 hours or less after ingestion of 
granules, thereby permitting same-day examinations. 
In routine overnight procedures, opacification Is 
attained 10 hours after ingestion of capsules. | 


Choice of dose forms 


Granules or capsules — Rapid absorption of both cal- 
cium salt and sodium salt often permits visualization 
of even poorly functioning galloladders. 


Prepared or unprepared patients 


Both salts have been administered to unprepared 
patients as well as previously prepared patients, with 
no significant difference in results. 


Please see following page 
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ORAGRAFIN® CALCIUM GRANULES 
lpodate Calcium for Oral Suspension U.S.P 


ORAGRAFIN® SODIUM CAPSULES 
lpodate Sodium Capsules U.S.P. 


CONTRAINDICATIONS: Both preparations are contraindi- 
cated in patients who are hypersensitive to ipodate salts. 


WARNINGS: A history of sensitivity to iodine per se or to other 
iodinated compounds is not an absolute contraindication to the 
use of these preparations, but calls for extreme caution in 
administration. 


Usage in Pregnancy: The safety of these preparations for use 
during pregnancy has not been established: therefore. they 
should be used in pregnant patients only when, in the judgment 
of the physician, their use is deemed essential to the welfare of 
the patient. 


PRECAUTIONS: Increasing the dosage above that recom- 
mended increases the possibility of hypotension. Anuria may 
result when these preparations are administered to patients 
with combined renal and hepatic disease or severe renal im- 
pairment. Renal toxicity has been reported in a few patients 
with liver dysfunction who were given oral cholecystographic 
agents followed by urographic agents. Administration of uro- 
graphic agents should therefore be postponed in any patient 
with a known or suspected hepatic or biliary disorder who has 
recently taken a cholecystographic contrast agent. Gastroin- 
testinal disorders which interfere with absorption and liver dis- 
orders which interfere with excretion may result in nonvisualiza- 
tion of the hepatic and biliary ducts and the gallbladder. Con- 
trast agents may interfere with some chemical determinations 
made on urine specimens; therefore, urine should be collected 
before administration of the contrast media or two or more days 
afterwards. Thyroid function tests, if indicated, should be per- 
formed prior to the administration of these preparations since 
lodine-containing contrast agents may alter the results of these 
tests. 

ADVERSE REACTIONS: Mild and transient nausea. vomiting, 
or diarrhea sometimes occur; the incidence can be reduced by 
using the calcium granules and restricting the dosage to 3g. in 
persons prone to gastrointestinal reactions. Transient 
headache, dysuria, or abdominal pains may occur. 

Hypersensitivity reactions may include urticaria, serum 
sickness-like reactions (fever, rash, arthralgia), other skin 
rashes, and rarely anaphylactoid shock.They are more likely to 
occur in persons with a history of allergy, asthma, hay fever, or 
urticaria and in those who are known to be hypersensitive to 
iodine compounds. 

Note Concerning Dosage: A total dose of 6 g. (12 capsules 
or 2 packets of Granules) per 24-hour period should not be 
exceeded. 

For full information, see Package Insert. 

HOW SUPPLIED: Oragrafin Calcium Granules (Ipodate Cal- 
cium for Oral Suspension U.S.P.) provide 3 g. ipodate calcium 
per packet; available in boxes of 25 single-dose foil packets. 
Oragrafin Sodium Capsules (Ipodate Sodium Capsules U.S.P) 
provide 0.5 g. ipodate sodium per capsule; available in boxes 
of 25 vials (each vial contains 6 capsules), in bottles of 100, and 


in Unimatic® packages of 100. 
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Hanley Space Saver X-Ray and Medical Record Cabinets 
are installed in most hospitals in America. 


Top quality and low price is the reason. 
5 compartment with doors—$199.50 


5 compartment less doors—$171.50 
Brochure F.O.B. Factory 


AMERICA'S LARGEST DISTRIBUTOR OF X-RAY CABINETS 


HANLEY MEDICAL EQUIPMENT CO. 
5614 South Grand X-Ray Division St. Louis, Mo. 6311! 





In reply to advertisers please mention 


that you saw their advertisement in 


THE AMERICAN JOURNAL OF 
ROENTGENOLOGY, 
RADIUM THERAPY 


AND NUCLEAR MEDICINE 


CHARLES C THOMAS PUBLISHER 
Springfield - Illinois 





The Department of Radiology of 
the University of Minnesota will 
present its Thirty-Ninth Annual 
Education 
Course, September 13-17, 1976. 


The two major topical areas will 


be: 


Cardiovascular Radiology— 
21⁄2 days 


Selected Topics in Diagnostic 
Radiology—2'2 days 


For further information contact: 


Continuing Medical Education 
Box 293 

Mayo Memorial Building 

412 Union Street S.E. 
University of Minnesota 
Minneapolis, Minnesota 55455 





Pfizer Medical Systems, Inc. announces 
57,600 reasons why the 
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provides superior resolution and 
image clarity in whole body 
computerized tomographic scanning 
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WHOLE BODY COMPUTERIZED TOMOGRAPHIC SCANN 


The new matrix improves image quality 
Up to 57,600 absorption values are now actually measured for translation into 
the finished ACTA-scan with the recently developed 320 matrix. 


This means a large, high-resolution display (1.5 mm) with greater clarity and 
true detail—important in extracranial scanning. 


Thoracic 320 Scan. 
(Normal Chest) 





Abdominal 320 Scan. 
“Porcelain” Gallbladder 


Multiple windows let you see more 


With the Pfizer ACTA-Scanner, multiple windows can be imposed upon 
the image, allowing tissues with great density differences to be viewed at 
the same time in a single ACTA-scan. 


This capability greatly facilitates interpretation of scans in the thoracic and 
abdominal areas. 


Same area as scanned 

at left, without imposition 
of the multiple window 
capability. 


Thoracic scan with multiple 
windows. Mass in right lung. 





And you can enlarge selected areas 


A special cursor—or movable dot—allows the operator of the ACTA-Scanner 
to enlarge selected areas of interest by a factor of 2 in diameter (4 in area). 


Pituitary Adenoma. 
Instantaneous enlargement 
of pathologic area. 





Pituitary Adenoma 


Pathology in virtually any part of the body can 
be visualized and evaluated. 













Thoracic 320 Scan. 
(Normal Chest) 


Marked Hydrocephalus 


Pituitary Adenoma 





Abdominal 320 Scan. i 
(Barium Deposits) a 


MEDICAL SYSTEMS, INC. 


A SUBSIDIARY OF PFIZER INC. 


WHOLE BODY COMPUTERIZED TOMOGRAPHIC SCANNE| 


A revolutionary innovation in diagnostic 
radiology maintained by an original concept 
r Of service...and backed 

i- by the full resources of a greai 
aW medical organization 









The Pfizer Medical Systems Field Engineer is an integral component | 
of the ACTA-Scanner Service Program. i 


Field engineer readily available 






Replacement parts, if needed, are 
readily available 





Minimal patient preparation before scan Instant display following completion of scan 
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Field engineer provides continued updating on capabilities 
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Frequent visits by field engineer keep ACTA-Scanner at peak performance 








Automation with 
Representation 


A team of highly qualified field engineers is on 
standby duty to respond to your needs when 
necessary. 


Warranty: No charges forall parts and service 
support during normal working hours. Any 
necessary maintenance can be done at night 
or during nonpeak hours, as requested. 


Continuous inspection: Frequent visits, at 
your convenience, will be made to assure opti- 
mum performance. 


Direct link to research and development: 
Your representative will keep you apprised of 
the activities of the Pfizer physicists and x-ray 
and computer experts who are dedicated to 
providing ever greater performance and more 
features on your ACTA-Scanner. 


MEDICAL SYSTEMS, INC. 


A SUBSIDIARY OF PFIZER INC. 
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Clysodrast 





The safe and certain 
barium additive 


Helps you 
be sure of 
what you see 





Clysodrast is a unique colonic evacuant. It mixes with 
barium enemas to give radiologists the only form of tannic 
acid* available for safe, high-resolution barium enema 
studies. And a growing body of experimental evidence has 
shown the diagnostic benefits of Clysodrast added to a 
barium suspension.'2:3 This combination provides 
unmatched mucosal visualization for superior 
roentgenologic diagnoses. 


SAFETY YOU CAN COUNT ON 

Only tannic acid really prepares the colon and produces 
the even, thin-film deposition of barium sulfate that a 
radiologist needs for maximum clarity. Clysodrast combines 
tannic acid with the contact laxative bisacodyl, for optimum 


effectiveness. And Clysodrast comes in accurately measured, 


2.5 Gm. packets to avoid the danger of accidental overdose. 
With Clysodrast, results are consistently safe and uniform, 
too. No patient has ever suffered hepatic necrosis as a 
result of Clysodrast being used within the dosage limits 
indicated in the instructions.56 And it has been used in 
well over 2 million barium enema procedures since 1970 


alone, usually with no more side effects than a water enema 


produces.’® 
Clysodrast is recommended for double contrast studies 


with an appropriate form of barium sulfate, such as Barotrast® 


It is also indicated for the preparation of patients for radio- 
logic examinations of the colon, sigmoidoscopy and 
proctologic examinations, when used as directed. 


USE CLYSODRAST, FOR SURE 

Clysodrast provides radiologists with the assurance of high 
resolution barium studies no other product can provide. Find 
out for yourself how Clysodrast can help you see for sure. 
Contact your local X-ray supplies dealer. 


See summary of prescribing information on adjoining page. 


*Bisacody! tannex 


Also see your X-ray supplies dealer for Oratrast? Barotrast® and Esophotrast: 


INDICATIONS: CLYSODRAST (bisacody! tannex) may be 
indicated for the preparation of patients for radiologic examina- 
tions of the colon, sigmoidoscopy and proctologic examinations. 


CONTRAINDICATIONS: CLYSODRAST is contraindicated in 
patients under the age of 10 because the possibility of absarp- 
tion of tannic acid has not been adequately studied in this age 
group to warrant a conclusion of safety. CLYSODRAST is also 
contraindicated in cases with known or suspected extensive 
uleerative lesions of the colon. 


WARNING: Usage in Pregnancy. Safe use of CLYSODRAST has 
not been established with respect to the adverse effects upon 
fetal development. Therefore, it should not be used in women 
of child-bearing potential, particularly during early pregnancy, 
except where, in the judgment of the physician, the potential 
benefits outweigh the possible hazards. 

PRECAUTIONS: Tannic acid, one of the active ingredients of 
CLYSODRAST, is hepatotoxic if absorbed in sufficient quantity. 
Deaths have been reported from hepatic damage due to tannic 
acid used in barium enema examination. Thus, CLYSODRAST 
should be used with caution in a regimen where multiple 
enemas are administered. Certain patients, because of age, 
debility, or underlying disease, require more gentle preparation 
than the routine castor oil and CLYSODRAST preparation. It is 
important that the instructions for preparation and administration 
be followed in detail, and that the recommended dosages not 
be exceeded, 

ADVERSE REACTIONS: The following adverse reactions have 
been reported: Cramping, weakness, nausea and fainting. 


DOSAGE AND ADMINISTRATION: It is important that the 
entire medical history and condition of the patient be considered 
in deciding the dosage regimen. Traumatizing procedures, such 
as repetition of enemas (with or without CLYSODRAST) should 
be kept at the minimum necessary to achieve the desired result. 


CLEANSING ENEMA: Prepare the cleansing enema by dissolv- 
ing the contents of one packet (2.5 Gm.) of CLYSODRAST in 
one liter of lukewarm water and administer. 


BARIUM ENEMA: Prepare the barium enema by dissolving 
the contents of one or not more than two packets (2.5 Gm. or 
5.0 Gm.) of CLYSODRAST in one liter of barium suspension. 

lf more than one liter of barium suspension is prepared, it is 
important that the concentration of CLYSODRAST (bisacody! 
tannex) never exceed 0.5 percent (2 packets per liter). 

The total dosage of CLYSODRAST for any one complete 
colonic examination, including the cleansing enema, should not 
exceed 7.5 Gm. (3 packets). No more than 10 Gm. (4 packets) 
of CLYSODRAST should be administered to any individual within 
a 7 2-heur period. 

HOW SUPPLIED: CLYSODRAST is supplied in packets con- 
taining 1.5 mg. of 4,4’—(diacetoxydiphenyl) — (pyridyl-2) — 
methane coinplexed with 2.5 Gm. of tannic acid, N.F. These 
packets are supplied in cartons of 25 and 50 packets. 


CAUTION: U.S. Federal law prohibits dispensing without 
prescription. 


(bisacodyl tannex) 





Sunnyvale, California 94086 


Goldman, L., Clinical Medicine, Vol. 28, pg. 28, 1971 
Hamilton, American Journal of Roentgenology, 1946 
Janower, M. L., Radiology. Vol. 85, pg. 887, 1965 
Burhenne, et al, American Journal of Roentgenology 
Vol. 96, pg. 510, 1966 

>. Lucke, et al, Canadian Medical Association, Vol. 89, 
pg. 1111, 1963 

McAlister, et al, Radiology, Vol. 80, pg. 765, 1963 
Steinbach, et al, American Journal of Roentgenology 
Vol. 87, pg. 644, 1962 

Thomas, American Journal of Roentgenology. Vol. 89, 
pg. 889, 1963 


N O Un S63 ho) 


œ 


CHARLES C THOMAS » PUBLISHER 


LYMPHOPROLIFERATIVE DISEASES com- 
piled and edited by David W. Molander, Memo- 
rial Hospital for Cancer and Allied Diseases, New 
York. (23 Contributors) A compilation of the 
known facets of lymphosarcoma and related 
diseases is presented in this text including patho- 
logic anatomy, immune mechanisms, clinical 
diagnosis and treatment employing irradiation 
and chemotherapy. The use of isotopes in manag- 
ing this disease as well as in the diagnosis of 
occult foci of the disease is examined. The latest 
methods of treatment and diagnostic methods 
are detailed with emphasis on infectious and 
hematopoietic complications. Primary reticulum 
cell sarcoma of bone and related diseases are 
dealt with in separate chapters. 75, 592 pp. (6 
3/4 x 9 3/4), 256 il. (9 in color), 45 tables, 
$39.50 


XERORADIOGRAPHY OF THE BREAST (3rd 
Ptg.) by John N. Wolfe, Hutzel Hospital, Detroit, 
Michigan. Foreword by Wendell G. Scott. Writ- 
ten for persons working in the field of breast 
cancer, this text presents a new and significant 
method for early detection. The mechanics and 
principles involved in this procedure are clearly 
defined. Breast anatomy and the normal breast 
are discussed, providing a thorough understand- 
ing necessary to achieve the proper technique 
and correct interpretation of the xeromammo- 
gram. The xeroradiographs are accurately repro- 
duced in their original blue color for consistency 
of detail. 75, 194 pp. (8 1/2 x 11), 242 il. (92 in 
color), $23.50 


A STUDY GUIDE IN NUCLEAR MEDICINE: A 
Modern Up-to-Date Presentation compiled and 
edited by Fuad Ashkar, August Miale, Jr., and 
William Smoak, all of the Univ. of Miami, Miami, 
Florida. (22 Contributors) This book is divided 
into ten sections covering such topics as basic 
science, radiopharmaceuticals, radiation biology, 
protection and dosimetry, therapeutic radionu- 
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speed films to shorten exposure 
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matic film-handling equipment. 
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screen — offer the fastest speed 
with equal or better image 
sharpness. 


Rare earth imaging prod 
ucts. Researċh in rare earth 
phosphors resulted in Kodak 
Lanex regular screens and Koda 
ortho G film. They provide highe 
speed — so you can shorten 
exposure time, or reduce kilovo 
age, or decrease milliamperage 
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your radiographic technic and 
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dynamic imaging. These include 
Kodak film for nuclear medicine 
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images from cathode-ray tube 
displays. Transparency films resist 
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ISLET CELL TUMORS AND THE 
ALIMENTARY TRACT 


FOURTH WALTER B. CANNON LECTURE 


RosBert M. ZOLLINGER! 


“Cannon did not conceive of humoral control. In 
his days, secretin was only a pancreatic stimulator 
and gastrin a discredited mistake” [8]. 


I am deeply sensible of the great privilege 
of delivering the Fourth Walter Brad- 
ford Cannon Lecture to this distinguished 
society. Certainly everyone interested in 
the gastrointestinal tract recognizes the 
great debt owed to Walter Cannon. The 
magic name of Cannon has never ceased to 
electrify the world of medicine, and only 
this year, three decades after his death, 
a book entitled “The Life and Contribu- 
tions of Walter B. Cannon: 1871-1945, 
His Influence on the Development of 
Physiology in the 20th Century” was pub- 
lished [21]. Walter Cannon’s legacy to gas- 
trointestinal surgery and roentgenology as 
we know it today is truly amazing. In the 
words of his friend and colleague, Ralph 
Barton Perry, “He was a good prospector— 
he knew how to locate the veins of rich 
scientific ore. But he also knew how to re- 
fine the gold.” 

I am indebted to your President, Dr. 
Sidney W. Nelson, for the privilege of dis- 
cussing certain hormone-producing islet 
cell tumors of the pancreas and their effects 


on the gastrointestinal tract. At the turn 
of the century when Bayliss and Starling 
[1] discovered secretin and Edkins [12] 
reported on a substance prepared from 
gastric antrum, which he called gastrin, 
Dr. Cannon was making his fundamental 
contributions on visualization of the gas- 
trointestinal tract. For another 50 or more 
years, it was not apparent that gastrin or 
secretin could be produced outside the 
stomach or duodenum, or that they might 
be elaborated in excessive amounts by cer- 
tain endocrine tumors, particularly of the 
pancreas, thereby producing recognizable 
clinical syndromes. The development of 
these syndromes and some current reflec- 
tions on their diagnosis and treatment will 
be the subject of this presentation. 

The many contributions and personal 
attributes of Dr. Walter Cannon have been 
amplified by the previous Cannon lec- 
turers [7, 9, 11]. However, I first recall meet- 
ing Dr. Cannon while a surgical intern un- 
der the late Harvey Cushing at the Peter 
Bent Brigham Hospital. He frequently ate 
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lunch at the hospital with such clinical lu- 
minaries as Cushing, Christian, Sosman, 
Homans, Cutler, and Cheever, to name but 
a few. The staff of the Brigham always felt 
close to Dr. Cannon, not only for his interest 
in clinical medicine, but also because of his 
disability stemming from exposure to the 
roentgen ray, and his interest in his dis- 
tinguished son, Bradford, who graduated 
from Harvard Medical School in 1933. 

Though Walter Cannon made many 
fundamental contributions in numerous 
fields, including the function of the auto- 
nomic nervous system, traumatic shock, 
and surgical metabolism, physiologists, 
roentgenologists, and clinicians interested 
in the problems of the gastrointestinal 
tract are ever mindful of his basic and en- 
during discoveries in this field. Truly he 
was an international scholar and humanist 
because of his interest in the problems of 
his fellow scientists worldwide. His name 
is rightly linked with that of Beaumont, 
Pavlov, and Roentgen as one of the pio- 
neers in the development of the physiology 
of the alimentary tract. Indeed your 
specialty was founded as a result of his 
pioneer studies in 1897. 

We midwesterners are justifiably proud 
that both Walter Cannon and his medical 
student associate, Albert Moser, came 
from our area. Cannon was born in Prairie 
du Chein, Wisconsin, where William Beau- 
mont carried out so many of his basic ex- 
periments on the French trapper, Alexis 
St. Martin. Moser, although born in Indi- 
ana, spent most of his young life in Lima, 
Ohio. Both migrated to Boston to enter 
Harvard Medical School, Moser in 1895 and 
Cannon in 1896. Davenport in his docu- 
mentary on Moser entitled, “An Eagle 
Feather: The Short Life of Albert Moser, 
M.D. A Footnote to the Life of Walter B. 
Cannon” [9], saliently relates Moser’s role 
in their initial endeavors to visualize the 
gastrointestinal tract, prior to his demise 
from tuberculosis at the young age of 
33. 
These Harvard medical students devel- 
oped a variety of experiments to challenge 
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the concepts of Kronecker and Meltzer 
regarding the mechanism of swallowing. 
Using a primitive roentgen apparatus, and 
Roentgen’s report that the salts of heavy 
metals are opaque to the “ray,” 1t was pos- 
sible to study the movements of the esoph- 
agus without anesthesia or operative inter- 
ference. Between January and March of 
1897, they used a Canadian goose to dem- 
onstrate the movements of a capsule of 
subnitrate of bismuth down the gander’s 
gullet [5]. In retrospect, it would seem ap- 
propriate that the Canadian goose, also 
known as a “honker,” might well occupy a 
prominent position in this organization’s 
shield or logo. 

Besides visualizing the gastrointestinal 
tract, the early astute experiments of Can- 
non and Blake [4], as well as Cannon and 
Murphy [6], explained some of the clinical 
problems encountered by gastroenterolo- 
gists and surgeons. 

The studies of Cannon and Blake on 
gastroenterostomy and pyloroplasty, for 
example, included observations on gastric 
drainage, the vicious circle phenomenon, 
anastomotic kinks, disturbances of the 
digestive processes, and the formation of 
jejunal ulcerations. 

Cannon and Murphy were intrigued by 
the effect of anesthesia and laparotomy on 
the activity of the stomach and small in- 
testine [6]. They noted that ether anesthesia 
resulted in slight gastrointestinal delay, as 
did laparotomy, followed by exposure to 
the air or to cold. A far greater paralysis 
occurred when the intestine was roughly 
handled, and this tended to last for as long 
as three hours. Gentleness in the handling 
of the intestine is a fundamental taught to 
the young surgeon, but it must be con- 
stantly re-emphasized. Cannon and Murphy 
also studied the problem of end-to-end 
versus side-to-side types of anastomoses. 
They pointed out that the lateral anas- 
tomosis gives rise to accumulation of food 
in the chamber formed by the apposed 
loops which can lead to a series of symp- 
toms now known as the “blind loop” syn- 
drome. They suggested an injury to any 
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point along the alimentary canal produces 
a functional blocking effect which saves the 
injured part from activity until a certain 
degree of repair has taken place. This 
phenomenon explains the so-called “‘gas 
stoppage” sign which is one of the well 
known clues to the early diagnosis of acute 
appendicitis. The patient has the feeling 
that the intestine should empty, but is un- 
able to relieve this sensation. Cannon also 
developed the concept of monitoring in- 
testinal peristalsis with the stethoscope. 
He stated that “‘a clinician listening to the 
bowel sounds could reverse his intellectual 
process and deduce from the sound, the 
movements of the gut.” Yet another sig- 
nificant contribution was the use of barium 
in intestinal obstruction. They observed 
that food left the stomach without delay in 
the presence of mechanical obstruction, 
while there was usually no movement of the 
stomach or intestine when a thrombosis or 
embolism had occurred. This observation 
has been put into clinical practice by giving 
barium by mouth in the presence of a sus- 
pected small bowel obstruction. 

As mentioned earlier, Cannon and Blake 
were greatly concerned about the systemic 
effects of gastroenterostomy, since food 
leaving the stoma was not mixed with the 
important digestive enzymes of the duode- 
num. They correctly reasoned that the oc- 
currence of jejunal ulceration after this 
procedure was the result of the gastric acid 
not being neutralized by pancreatic juice 
or bile and recommended that the situa- 
tion could be overcome by the addition of 
a Finney type of pyloroplasty. 

The distressing situation of dealing with 
a primary ulceration of the jejunum, on 
the ether hand, is altogether a different 
matter; and during the late summer and 
fall ef 1954 my colleague, the late Dr. 
Edwin H. Ellison, and I were forced to cope 
with two such catastrophes. Both patients 
were women, one 36 and the other Ig years 
of age; and each had ulcerations beyond 
the ligament of Treitz associated with an 
unbelievable outpouring of gastric juice 
that was rich in hydrochloric acid. So 
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severe were the symptoms and complica- 
tions that Dr. Ellison and I were con- 
stantly seeking each other out for consulta- 
tion as well as consolation. The subsequent 
course of these two women is, of course, 
well known to you. The younger patient 
finally came to total gastrectomy; and, 
upon the advice of the late Hilger Jenkins, 
we looked for and found two small non- 
insulin-producing tumors on the anterior 
aspect of the left side of the body of the 
pancreas. Because of this, the autopsy rec- 
ords of the older patient were re-checked 
and it was noted that there were several 
nodules in the central portion of her pan- 
creas. The younger patient has survived 
and is perfectly well almost 21 years later. 
She has two healthy daughters, born eight 
and ten years after the total gastrectomy. 
On the basis of these two cases, it was 
suggested that these “non-functioning”’ 
islet cell tumors elaborated a potent gastric 
secretagogue which caused the stomach to 
digest itself. A diagnostic triad, later 
named the Zollinger-Ellison syndrome by 
Eiseman and Maynard [14], was developed 
consisting of a fulminating ulcer diathesis, 
marked gastric hypersecretion, and a non- 
beta islet cell tumor of the pancreas [37]. 
It is noteworthy that three years prior 
to this, two British radiologists, Forty and 
Barrett [14], had emphasized changes in the 
third portion of the duodenum associated 
with islet cell tumors of the pancreas. They 
reported ulcerations in the third part of 
the duodenum associated with islet cell 
tumors in five of 14 patients examined. 
Indeed, the roentgenologist must be placed 
among the pioneers in either making or 
suggesting the diagnosis of an ulcerogenic 
tumor of the pancreas. Christoforidis and 
Nelson [7] thoroughly reviewed this subject 
and found the characteristic findings to in- 
clude excessive gastric fluid, even after 
fasting, and the lack of any obstruction; an 
enlarged, shaggy-appearing duodenum, with 
or without ulcerations in unusual locations; 
irregularities of the duodenal wall from 
edema which may be mistaken for Crohn’s 
disease; and increased small bowel motil- 
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ity. Postresectional or marginal ulcerations 
were described as deep, penetrating, and 
multiple, and located on the mesenteric 
border of the efferent loop rather than in 
the usual marginal location. More recently, 
selective celiac arteriography and radio- 
isotope scanning have been employed but, 
in general, their value in diagnosis has been 
minimal. 

The finding of an ulceration beyond the 
ligament of Treitz has long been considered 
as pathognomonic of an ulcerogenic islet 
cell tumor. This may be explained as a 
mechanical effect resulting from the large 
volumes of gastric acid “jetted” by the 
thick-walled duodenum against the thinner 
jejunum which has a smaller blood supply. 

Within five years after the ulcerogenic 
islet cell tumor syndrome was suggested, 
Gregory et al. [19] proved that these tumors 
as well as their metastases produced the 
potent gastric secretagogue, gastrin, in 
amounts 35 times greater than that found 
in an equal amount of porcine antrum. 
This discovery offered a ready explanation 
for the severity of the symptoms. Since 
ulcerogenic tumors are so frequently mul- 
tiple, malignant with metastases, or both, 
the sources for the potent hormone are 
multicentric, thus confirming the original 
recommendation of total gastrectomy as 
the best treatment for the disease. It 
should be remembered that in the presence 
of an ulcerogenic tumor, several liters of 
gastric juice have been secreted in twelve 
hours by a gastric remnant no larger than an 
orange. This results from the known trophic 
effects of hypergastrinemia resulting in a 
profound hyperplasia of the gastric mucosa 
which greatly enhances its capacity to 
secrete hydrochloric acid. 

The diagnosis of an ulcerogenic tumor 
has become more common, more certain, 
and earlier as a result of the gastrin radio- 
immunoassay as first developed by Mc- 
Guigan and Trudeau [22]. Diagnostic serum 
gastrin levels coupled with positive barium 
studies and a good clinical history, regard- 
less of the patient’s age, have rendered the 
diagnosis quite accurate. Elevated gastrin 
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levels, however, may also occur in associa- 
tion with pernicious anemia, atrophic gas- 
tritis in the absence of antral gastritis [34], 
renal failure, retained antrum, carcinoma 
of the body of the stomach, and antral 
G-cell hyperplasia. 

In tandem with positive clinical, lab- 
oratory, and roentgen evidence, patients 
with an ulcerogenic tumor tend to fall into 
one of five clinical groups. First are those 
patients who demonstrate only a border- 
line elevation in the serum gastrin levels. 
The second group includes those patients 
who also have hyperparathyroidism. The 
third, who present all too often, are those 
patients who have had multiple gastric 
operations, with either only temporary re- 
lief or almost immediate recurrence of the 
ulcer symptoms. Finally, there are those 
patients who have the classical ulcerogenic 
tumor syndrome. They are informed of the 
possibility of total gastrectomy. More 
recently it has been suggested that hyper- 
plasia of the antral G-cells may produce 
a pseudo-ulcerogenic syndrome which can 
be controlled by vagotomy and antrec- 
tomy [16]. 

Experience has shown that the serum 
gastrin levels are not always diagnostic 
even in the presence of a tumor, particu- 
larly in those cases of duodenal wall adeno- 
mata which occur in approximately ten 
percent of the reported cases. In such cases, 
it is advisable to employ the calcium chal- 
lenge or infusion test, as developed by 
Passaro et al. [26]. Calcium gluconate (15 
mg/kg) given over a four hour period will 
dramatically elevate the serum gastrin lev- 
els if any tumor is present or if undiscovered 
metastases have been left behind. If the 
serum calcium levels are elevated, as in 
cases of hyperparathyroidism, magnesium 
sulfate (1.6 mg/kg) can be administered 
over a four hour period [32]. This will mo- 
bilize the serum gastrin, though not to the 
extent seen following the calcium infusion. 
Secretin, although expensive, may also be 
used as a challenge test in dosages of one 
to four clinical units over a period of one 
hour [18, 31]. One or more of these tests, 
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when strongly positive preoperatively, will 
provide the surgeon with the evidence to 
proceed with a total gastrectomy even 
when a thorough surgical exploration 1s 
negative. 

The surgical treatment of an ulcerogenic 
tumor has changed relatively little since 
the original report in 1955, although after 
the abdomen is opened, the surgeon may 
encounter circumstances which require 
various surgical decisions. Total gastrec- 
tomy, despite a negative exploration, is 
indicated if the preoperative basal serum 
gastrin levels are high and the infusion 
studies resulted in doubling or tripling of 
the basal values. Under these circum- 
stances, blind resection of the body and 
tail of the pancreas is unnecessary since it 
often increases the incidence of complica- 
tions associated with the procedure. Total 
gastrectomy is likewise indicated when 
metastases or multiple tumors are found, 
regardless of the patient’s age. The very 
young tend to grow and develop normally 
after total gastrectomy [36]; and the elderly 
are spared from a potentially fatal hemor- 
rhage or perforation. Lesser procedures to 
remove small adenomata from the wall of 
the first portion of the duodenum or soli- 
tary tumors from the body of the pancreas 
or the antrum, in the presence of the as yet 
insufficiently tested antral G-cell hyper- 
plasia, have met with limited success [17]. 
In general, however, a distressingly high re- 
currence rate of at least 50 percent can be 
anticipated if anything less than total 
gastrectomy is undertaken [16]. 

A Roux-en-Y type of esophagojejunos- 
tomy has been preferred for reconstructing 
the gastrointestinal tract, although others 
favor creating some type of pouch. The 
ability of the ulcerogenic tumor patient to 
sustain an ideal weight suggests that per- 
sistent hypergastrinemia, due to retained 
or recurrent tumor, may well stimulate the 
patient’s appetite. It should be noted that 
recent studies have failed to support the 
value of pouches in improving postoper- 
ative nutrition after total gastrectomy [3]. 
Years ago, Walter Cannon determined that 
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contractions of the stomach were the 
source of hunger sensations. However, he 
did admit that “it seems possible that a 
substance exists in the blood which acts to 
excite the hunger mechanism.” This could 
certainly explain the usual hunger sensa- 
tions invariably experienced by patients 
after having undergone total gastrectomy. 

The follow-up of patients with a proved 
ulcerogenic tumor should be frequent and 
extended over a period of many years. 
These tumors grow very slowly and some 
have suggested that their growth is in- 
hibited by removal of the target organ, the 
stomach. Following total gastrectomy, 
monthly vitamin B-12 injections are re- 
quired, and the patient’s weight trends 
must be monitored regularly. Better results 
are ensured if the patient is hospitalized 
several times during the first year after 
surgery to review the diet, evaluate the 
adequacy of the esophagojejunal anasto- 
mosis, and determine the extent of tumor 
progression or regression by four hour cal- 
cium infusion studies [29]. In the presence 
of weight loss and high serum gastrin 
levels, an arteriogram should be advised. 

The roentgenologist’s role in these follow- 
up studies is very important. When the pa- 
tient loses weight or has difficulty eating, 
the possibility of stenosis at the esophago- 
jejunal anastomosis must be evaluated. In 
addition, some patients have developed 
cholelithiasis, requiring evaluation of the 
gallbladder by cholecystography. If hyper- 
calcemia is documented, intravenous py- 
elograms as well as a limited bone survey 
are indicated to prove or disprove hyper- 
parathyroidism. When either the basal or 
stimulated follow-up gastrin levels are 
markedly elevated, an angiogram is advis- 
able to determine if hepatic metastases are 
present. 

Although the fasting gastrin levels may 
be only moderately elevated (300-400 pg/ 
ml), calcium-, magnesium-, and secretin- 
stimulated levels will show a modest to 
marked elevation in patients who have a 
proved gastrinoma, regardless, in our ex- 
perience, of the number of years which 
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have elapsed since the total gastrectomy 
even up to 21 years. These findings sup- 
port the concept of multicentric sources of 
gastrin in the majority of patients and 
suggest that tumor activity persists despite 
total gastrectomy. Ulcerogenic tumors ap- 
pear to progress in approximately one- 
third of the patients and hepatic metas- 
tases may be found unexpectedly by angi- 
ography. 

Such patients may be given a combina- 
tion chemotherapy program consisting of 
Tubercidin, 1.5 mg/kg, mixed with 500 
ml of the patient’s blood and administered 
intravenously over a period of four hours. 
Five-Fluorouracil, 12.5 mg/kg, is given for 
three days; and after one week the dosage 
is repeated every other week for a total of 
six courses. Streptozotocin, 12.5 mg/kg, is 
given intravenously on the alternate weeks 
for a total of three courses. After one 
month, the Tubercidin is once again admin- 
istered. The total interval between the 
Tubercidin averages 70 to 80 days. Fre- 
quent blood studies and serum gastrin de- 
terminations are recorded and the prelim- 
inary observations are encouraging [30]. 

Although present in one of the original 
patients, diarrhea was not emphasized in 
the clinical syndrome because we had held 
to the triad concept as popularized by 
Whipple [35]. Within two years of the origi- 
nal report, however, Priest and Alexander 
[27] called attention to a patient with an 
islet cell tumor of the pancreas and associ- 
ated peptic ulceration, diarrhea, and hy- 
pokalemia. Verner and Morrison [33] later 
reported additional cases characterized by 
watery diarrhea and hypokalemia, but with 
no ulceration. It remained for Murray and 
colleagues [25] in 1961 to document achlor- 
hydria in such a patient. This syndrome 
currently has several appelations including 
pancreatic cholera [24], Verner-Morrison, 
WDHA [23], and diarrheogenic [38] syn- 
drome. These patients have fulminating 
watery diarrhea, severe hypokalemia, and 
usually achlorhydria. Hypercalcemia is 
present in about two-thirds of the cases, but 
is often reversed after the pancreatic tumor 
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is removed. Approximately 40 percent of 
the patients demonstrate hyperglycemia, 
and cutaneous flushing may also be a com- 
plaint [20]. 

Patients with the diarrheogenic syn- 
drome lose as much as six liters of fluid by 
stool a day. The hypokalemia is so severe 
that more than 250 mEq of potassium 
along with five or six liters of other electro- 
lytes and fluids may be required over a 24 
hour period to avoid the serious complica- 
tion of hypokalemic nephropathy. These 
tumors may be of such size as to cause dis- 
placement of the stomach on barium stud- 
ies. Of diagnostic significance is the finding 
of a large gallbladder by cholecystogram. 
We have verified this observation in three 
such patients, and analysis of aspirated bile 
has shown chemical changes consistent with 
a secretin-like hydrocholeresis [38]. At the 
time of operation, the small intestine may 
appear enlarged with evidence of dilution 
of the barium given by mouth. 

A diarrheogenic tumor should be consid- 
ered when all other causes of severe watery 
diarrhea have been excluded. The investi- 
gation should include an augmented hista- 
mine gastric analysis, as well as serum cal- 
cium and glucose determinations. If the 
potassium loss, which is so marked as to 
produce the signs and symptoms of in- 
testinal obstruction, can be corrected only 
by vigorous fluid and electrolyte replace- 
ment, the possibility of such a tumor must 
be suspected. 

Thorough investigations of three such 
patients had convinced us that diarrheo- 
genic tumors elaborate secretin or a secre- 
tin-like polypeptide which inhibited hydro- 
chloric acid and stimulated the secretion of 
bile and pancreatic juice along with altera- 
tions in the absorption of fluid and electro- 
lvtes by the intestine[29, 38]. Recent studies 
by several investigators, including Bloom 
et al. [2] and Said and Faloona [19], have 
presented good evidence that the secretin- 
like polypeptide is vasoactive intestinal 
polypeptide (VIP). The development of 
additional radioimmunoassays may even- 
tually provide that the ten or more hor- 
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mones and hormone-candidates already 
identified in the duodenal mucosa may be 
produced by an islet cell tumor. The clinical 
symptoms of the diarrheogenic syndrome 
are completely abolished by tumor excision, 
unless it is malignant with metastases and 
cannot be totally resected. Furthermore, 
the achlorhydria may be replaced with nor- 
mal or even high acid values during the 
post-operative period if no tumor remains. 
Chemotherapy appears to be effective in 
these cases in controlling the recurrent 
diarrhea [19]. 

Islet cell tumors of the pancreas have 
been proved to have the potential for caus- 
ing recognizable, often life-threatening 
clinical and roentgenological syndromes 
related to the gastrointestinal tract. The 
accumen and skills of the gastrointestinal 
radiologist will always be essential in the 
diagnosis of these syndromes. There 1s 
every reason to believe that additional 
syndromes associated with islet cell tumors 
will be recognized; and credit will always 
be given to Walter B. Cannon for teaching 
us the fascinating challenges of the gastro- 
intestinal tract. 
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ANGIOGRAPHY IN CROHN’S DISEASE REVISITED 


FoLKE BRAHME!? AND JAN HILDELL! 


ABSTRACT: 


The diagnostic value of angiography was studied in 116 patients with Crohn’s 
disease. Angiograms showed abnormalities in over 90% of the cases. Many angio- 
graphic features were nonspecific; only the “zoning sign” and the presence of para- 
intestinal mesenteric neovasculature were considered diagnostic. Crohn’s colitis 
could be distinguished from ulcerative colitis in only 30% of the cases. Angiography, 
as a diagnostic adjunct to barium studies, will reveal the presence of lesions and 
their extent. This is particularly important in suspected postoperative recurrence of 
Crohn’s disease. Angiography is a potential differential diagnostic aid in doubtful 
cases of inflammatory and malignant bowel disease. 


In spite of the abundance of information 
available on gastrointestinal abnormalities 
in Crohn’s disease, as seen by conventional 
radiological studies, the diagnosis remains 
in doubt in at least 5%-10% of the cases in 
most series. In addition, the extent of the 
lesions in the individual patient is frequently 
dificult to assess; this information is of 
critical importance whenever surgical treat- 
ment is contemplated. 

Attempts to explore angiography as an 
additional diagnostic modality in Crohn’s 
disease were initially reported in 1966 [1, 2]. 
Subsequent reports have described angio- 
graphic features in Crohn’s disease in series 
consisting of 33 patients [3] or less [4-7]. 
Several of the older reports present con- 
flicting opinions on the usefulness of angiog- 
raphy for differential diagnostic purposes. 
Herlinger [6] states that angiography can 
be of positive assistance to separate Crohn's 
disease of the colon from ulcerative colitis 
in approximately 85% of cases, whereas 
Eriksson et al. [5] contend that the method 
allows no conclusive differential diagnosis. 
Postoperative angiographic studies, per- 
formed to detect recurrence of Crohn’s dis- 
ease, have attracted little interest. 

This communication attempts to reevalu- 
ate the merits and limitations of angiog- 
raphy in Crohn’s disease using a larger 


series of patients and to define indications 
for its use. 


SUBJECTS AND METHODS 
Subjects Studied 


A total of 123 angiograms were performed 
in 116 patients with Crohn’s disease; 115 small 
bowel lesions and 55 colonic lesions were en- 
countered in these patients. (Eighty-three pa- 
tients were examined at Malmö General Hos- 
pital, and 33 patients at the University Hos- 
pital of Lund, Sweden). The diagnosis was 
ascertained by histological examination of sur- 
gically excised specimens in 98 patients, by 
rectal or peroperative biopsy in nine, and by a 
minimum of two consecutive barium examina- 
tions of the large and small bowel, showing 
characteristic abnormalities, in the remaining 
nine. The number of pre- and postoperative 
examinations as well as the distribution of the 
lesions appear in table 1. 

For the purpose of overall evaluation of the 
results, the angiograms, barium studies, and 
the excised specimens were examined inde- 
pendently. In addition, angiograms were per- 
formed on 24 excised specimens in order to 
clarify features seen in the in vivo angiograms. 


Technique 


Conventional percutaneous catheterization 
technique was used. Superior mesenteric angi- 
ography was performed in all 123 studies, sup- 
plemented by inferior mesenteric angiography 
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TABLE 1 


DISTRIBUTION OF LESIONS IN 123 EXAMINATIONS 


ee ee ee 


ANGIOGRAPHY 





Followed by Exploratory 


Laparotomy, or 


LocaTION 


Followed by Surgery In Suspected Post- 


sn LUOU 


Duodenum, proximal jejunum........... 
Jejunum, proximal or mid-ileum......... 
De renet nda antea 


Ileum and colon, extensively............. 
Colon (and rectum) only................ 








in 63. The superselective catheterization and 
magnification technique was used only in a 
few cases. For superior mesenteric angiography, 
20-40 cmê of a water-soluble contrast medium 
in a concentration of 60% or 76% were injected 
at the rate of 8—10 cm?/sec; for inferior mesen- 
teric angiography, 10-15 cm? were used. 

Straight frontal projections were standard, 
supplemented by oblique views when neces- 
sary. Prior to the injection of the contrast 
medium, the colon was either moderately in- 
flated by air or distended by instillation of 
saline, as suggested by Lunderquist and 
Lunderquist [8]. 


RESULTS 


The findings in the arterial, capillary, and 
venous phases, as well as their relative fre- 
quency in affected bowel segments, are 
described separately below. The frequency 
of the various angiographic features are 
given in table 2 as percentages of the 115 
small bowel and 55 colonic lesions studied. 
The angiographic features in normal sub- 
jects are referred to only briefly; more com- 
plete information on the normal angio- 
graphic anatomy of the intestine is avail- 
able elsewhere [9-13]. 


Arterial Phase 


The caliber of the main stem of the 
superior mesenteric artery varied from 5 to 
9 mm (mean, 6.5 mm), that of the ileocolic 
artery from 3 to § mm (mean, 4 mm), and 
that of the inferior mesenteric artery from 
4 to 6 mm (mean, 4.5 mm). All these mea- 





No Surgery with Excision of Gut operative Recurrence 
2 ed 
6 2 oe 
I 24 ao 
I II pi 
Fi 26 2 
I 6 I 
18 69 36 





surements were within the normal range 
Da 291. 

The arteriae rectae longae, which arise in 
pairs from the marginal mesenteric artery 
and encircle the gut in the subserosal layer, 
were numerically increased in 74 of 115 le- 
sions of the small bowel (64%) and in 28 
of 55 colonic lesions (51%) (fig. 1). Nu- 
merical increase was considered present 
when the number of arteriae rectae longae 
exceeded five per centimeter in the small 
bowel and 0.5 per centimeter in the colon, 


TABLE 2 


SUMMARY OF ANGIOGRAPHIC CHANGES IN 
Croun’s DISEASE 





Small Bowel Colonic 
Angiographic Change Lesions Lesions 
Arteries: 
Normal 25% ade s.candadxs 18 (16) 23 (42) 
Numerically increased... 74 (64) 28 (51) 
STNG asarana. GF EB) 27 (49) 
Nontapering........ 38 (33) 19 (35) 
Branching at right 
SL A a eee 36 (31) 6 (11) 
Bowel wall: 
Increased opacification... 91 (79) 35 (63 
E aT- od o5 nd 4 aaa ein 71 (62) 17 (31) 
LODE BIG rentoa 10 ( 6) 16 (29) 
Veins: 
Cs) ee 9 ( 8) Pe Oe 
Early opacified......... 101 (88) 44 (80) 
Mural veins visible. ..... 49 (42) 22 (40) 


Nore.—Numbers in parentheses represent percentage of 115 
small bowel lesions or 55 colonic lesions, respectively. 
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counted along the axis of the gut. Estima- 
tions were considered reasonably accurate 
in bowel segments running parallel to the 
film; in other areas, estimations were made. 
The arteriae rectae breves, minor branches 
of the arteriae rectae longae not seen at 
angiography in normal subjects, could be 
clearly identified in most areas of the colon 
in which the arterial supply was markedly 
increased, as evidenced by the increased 
number of arteriae rectae longae. Arteriae 
rectae breves were difficult to observe in 
small bowel lesions but could usually be 
seen on magnification angiograms (fig. 2). 
Increased tortuosity of the arteriae rectae 
was seen in 58% of small bowel lesions and 
in 49% of colonic lesions. Abnormal tor- 
tuosity was only recorded when the vessels 
followed a markedly irregular course across 
the wall of a distended segment of the gut 
or when “‘terminal coiling” of the arteriae 
rectae was present. In the small intestine, 
tortuosity was only considered present if 
the arteriae rectae had a tight corkscrew 





1.—Crohn’s disease of the distal ileum and 
right hemicolon. Note wide, tortuous, and numeri- 
cally increased arteriae rectae of distal ileum. 
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Fic. 2.—Ileocecal Crohn’s disease. Magnification 
angiogram showing arteriae rectae breves (arrows) 
and wide arteriae rectae longae with terminal 
coiling. 


appearance (figs. I and 34). 

Abrupt tapering [6, 7] refers to the ab- 
sence of the normal smooth tapering of the 
arteriae rectae longae. When abrupt taper- 
ing (which might more appropriately be 
termed nontapering) was present, the ar- 
teriae rectae longae could be traced with 
maintained caliber to the antimesenteric 
border of the gut, where they abruptly broke 
up into numerous minor branches. This fea- 
ture was observed in one-third of all lesions 
(figs. 1, 2, and 34). Wide, nontapering 
arteriae rectae were occasionally seen to 
supply localized inflammatory areas with 
large solitary ulcers in the colon (fig. 4). 

Right angle branching |7] refers to the 
separation of the paired arteriae rectae in 
right, rather than acute, angles at their 
origin from the marginal artery and was 
observed in 31% of small bowel lesions and 
in 11% of colonic lesions. This abnormality 
was difficult to assess in jejunal segments, 
where irregular branching patterns fre- 
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Fie. 3.—Ileocecal Crohn’s disease of more than 10 years’ duration. 4, Film at 4 sec; B, film at 6 sec. 
Note wide and tortuous arteriae rectae, dense staining of the bowel wall, premature venous return. 


quently occur in normal subjects. 

Small irregular tangles of inflamma- 
tory neovasculature, corresponding to the 
“Gefadssknauelchen” described by Dom- 
browskij and Korb [4], were noted in 10 
small bowel lesions and along or adjacent 
to colonic lesions in nine (fig. 5). In three 
cases inflammatory neovasculature was ob- 
served in the mesentery, several centi- 
meters away from the wall of the gut. 

Other arterial changes observed were 
gross distortion of the course of the margi- 
nal artery and the arteriae rectae in areas 
of strictures, kinking and abnormal course 
of major mesenteric arteries suggesting 
mesenteric adhesions, and, in four patients, 
a “standing wave phenomenon” [14] indi- 
cating abnormal flow patterns. Arterial oc- 
clusions were not observed, but minor vari- 
ations in caliber of the marginal artery and 
the arteriae rectae were present in cases 
with marked thickening of the mesentery 
or of the wall of the gut. Reduction of the 
number of arteriae rectae were seen in two 
cases, in both of which the lesions were 
pathologically characterized as “fibrotic 
and inactive.” In some cases, the circula- 
tion time through peripheral arteries was 
prolonged, but premature opacification of 
the mural veins occurred also in these cases. 
This phenomenon, previously described by 
Boijsen and Hartel [11], was recorded with 
certainty only in the distal part of the 
ileum. 


Capillary Phase 


In the normal mesenteric angiogram the 
wall of the gut appears as a 2-3 mm wide 
stripe. Opacification usually begins 5-7 sec 
after the start of the injection and lasts for 





Fic. 4.—Distal ileal Crohn’s disease revealed by 
barium study. Angiography demonstrates additional 
lesions of the cecum. Note arterial hypervascularity, 
increased staining, and premature venous return 
from inflammatory locus in cecum (arrow). Excised 
specimen showed large solitary cecal ulcer. 
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4-6 sec. In Crohn’s disease, clearly in- 
creased opacification of the intestinal wall 
was seen in 74% of all small and large 
bowel lesions (figs. 3B and 6). Abnormal 
thickening of the wall of the gut, exceeding 
4 mm, was noted in 62% of small bowel le- 
sions and in 34% of colonic lesions. The 
thickness of the wall of the gut could only 
be properly assessed on distended segments. 
Consequently, the thickness of the wall of 
the colon could be determined more ac- 
curately than that of the small bowel. In 
four cases, short colonic segments showed a 
wall thickness exceeding 10 mm. 

Herlinger’s zoning sign [6], referring to 
the appearance of one densely opacified 
inner layer and one faintly opacified outer 
layer of the gut in the angiograms, was 
noted in 29% of colonic lesions (fig. 64). 
The phenomenon was less readily identified 
in small bowel lesions and could only be 
seen with certainty in 6% of these. 


Venous Phase 


The mesenteric veins normally become 
opacified 8-10 sec after injection of con- 
trast medium, and opacification is usually 
only moderate. Mural veins of the intestinal 
wall are normally only barely, or not at all 
visible in angiograms. In Crohn’s disease, 
premature and dense opacification of mesen- 
teric veins, occurring after 6 sec or less, was 
seen in 88% of small bowel lesions and in 
80% of colonic lesions (figs. 3B, 6, and 7). 
Mural intestinal veins were clearly visible in 
41% of all small and large bowel lesions. In 
most cases there was a distinct time inter- 
val between the disappearance of the ar- 
teries and the opacification of mural veins, 
but in some cases mural veins and arteries 
appeared simultaneously (fig. 64). 


Overall Results 


Various combinations of the above de- 
scribed vascular changes were recorded in 
the angiograms. Vascular abnormalities in- 
dicating presence of disease were seen in the 
arterial phase in 78% of the lesions, in the 
capillary phase in 74%, and in the venous 
phase in 90%. 


kà 
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Fic. 5.—Crohn’s disease of ileum and right 
hemicolon. Gefassknauelchen (arrow) adjacent to 
colonic wall. 


Assessment of Extent of Lestons 


In 98 patients who underwent operation 
subsequent to barium studies and angiog- 
raphy, the radiographic findings could be 
compared to observations on excised speci- 
mens. The barium studies showed various 
types of abnormalities in all 98 patients. 
The combined observations from barium 
studies and angiography permitted ade- 
quate estimation of the extent of the lesions 
in go of these 98 patients. In 67, the extent 
of the process was demonstrated with 
roughly equal accuracy by the two tech- 
niques; in 11 the extent was best evaluated 
by barium studies; and in 12 angiography 
was best. The extent of small bowel lesions 
was generally better demonstrated by 
barium studies, whereas colonic involve- 
ment was more accurately determined by 
angiography (figs. 8B and 8C). 

In the remaining eight patients, consider- 
able discrepancy existed between the pre- 
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Fic. 6.—Medically iiaiai ileocolic Crohn’s disease. 4, Zoning sign with densely opacified inner zone 
A (open arrow) and faintly opacified outer zone B (closed arrow). B, Simultaneous demonstration of arteries 


and veins (film at 4.5 sec). 


operative angiograms and barium studies, 
on the one hand, and operative findings on 
the other (fig. 84). The disagreement was 
regarded as considerable when the extent 
of the process, as seen on specimens, ex- 
ceeded that observed by radiology by Io 
cm or more, or when lesions present in 
specimens had altogether escaped radiologi- 
cal detection. There was no difference in 
diagnostic efficiency between angiography 
and barium studies in these eight patients. 


Angiography in Postoperative Recurrence of 
Lesions 


In 36 of the 116 patients, angiography 





FIG. disease. Enlarged, 


7.—Ileocolic Crohn’s 
densely opacified mural and mesenteric veins (8 
sec). 
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Fic. 8.—Discrepancy between radiological and operative findings. 4, Location of lesions inadequately 
shown by preoperative barium and angiographic studies. B, Location of lesions shown by barium studies 
but shown poorly or not at all by angiography. C, Location of lesions shown by angiography but shown 
poorly or not at all by barium studies. Numerals refer to number of lesions in each area. 


was performed because of clinical suspicion 
of postoperatively recurrent Crohn’s dis- 
ease. Barium studies, done prior to the 
angiograms, had been inconclusive in sev- 
eral of these cases, either because of paucity 
of findings or because of the presence of 
confusing features, such as postoperative 
deformity of the gut or disarray of the mu- 
cosal pattern secondary to partial bowel 
obstruction. Angiography clearly demon- 
strated abnormalities consistent with ac- 
tive inflammation in 33 of the 36 cases. In- 
creased accumulation of contrast medium 
in the bowel wall and premature venous 
drainage were the most frequent indicators 
of disease. Most of the recurrent lesions 


were located to the distal segment of the 
small intestine, immediately proximal to 
the surgical anastomosis. 

Of these 36 patients, 21 underwent lapa- 
rotomy subsequent to angiography, with 
resection of gut in 20. The remaining 16 
were treated conservatively. In 13 of the 20 
patients who underwent resection, the dis- 
eased segment was demonstrated equally 
well by barium studies and angiography. In 
another three, barium studies showed le- 
sions not seen at angiography. In one of 
these, the changes in the excised specimen 
were histologically described as “fibrotic 
and inactive’; no satisfactory explanation 
for the discrepancy was obtained in the 
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other two. In five cases the angiograms 
clearly demonstrated lesions which were 
equivocally or not at all shown by barium 
studies (fig. 8). In none of these operated 
patients did both angiography and barium 
studies fail to reveal lesions found at subse- 
quent operation. One additional angiogram 
was probably falsely positive: at the time 
of laparotomy the presumably involved 
segment appeared normal at inspection and 
palpation, and no resection was performed. 


DISCUSSION 


Most of the angiographic changes seen in 
Crohn’s disease are readily explained by 
the gross and microscopic anatomical fea- 
tures of the disease. The changes may be 
separated in two categories: (1) those 
caused by the nonspecific inflammatory 
reaction in the wall of the gut and (2) those 
produced by the proliferative and desmoid 
changes characteristic of Crohn’s disease. 
The nonspecific inflammation produces the 
hypervascularity of the bowel, seen in 
angiograms as an abundance of wide (non- 
tapering) arteriae rectae, accumulation of 
contrast medium in the bowel wall, dilated 
mural veins, and rapid venous return. The 
inflammatory changes in Crohn’s disease 
may extend to the mesentery, which ex- 
plains the occasional occurrence of inflam- 
matory neovasculature adjacent to the wall 
of the gut. The desmoid and proliferative 
changes refer to the fibrosis, edema, and 
thickening of the submucosa and muscularis 
of the gut, all of which are characteristic of 
Crohn’s disease. Similar changes may in- 
volve the adjacent mesentery which will 
then shrink and increase in thickness. This 
type of alteration will produce angiographic 
changes which permit a diagnosis of Crohn’s 
disease. 

The course of the arteriae rectae, which 
are normally given off at acute angles from 
the marginal artery, may be altered sec- 
ondary to thickening, shrinking, and de- 
formation of the mesentery. This explains 
the distortion and right angle branching [7] 
of the vessels. 

The zoning sign, originally described by 
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Herlinger [6], is an angiographic expression 
of intestinal changes known to occur only 
in Crohn’s disease. The gut has a double- 
layer appearance with an inner densely 
staining zone A and a relatively avascular 
outer zone B, peripherally delineated by 
the occasionally visible serosal fat line. No 
clear anatomical explanation of this fea- 
ture was given by Herlinger, but it appears 
from transverse sections of injected speci- 
mens that zone A corresponds to the 
thickened and hypervascular mucosa and 
submucosa and zone B to the hyperplastic 
but sparsely vascularized muscularis (fig. 
9). The zoning sign occurred exclusively in 
patients with Crohn’s disease but was 
clearly discernible only in 15% of all lesions 
in our series. 

The segmental distribution of the lesions 
which characteristically, but not always, 
occurs in Crohn’s disease may be difficult 
to discern in angiograms, but local areas of 
intense inflammatory reaction were usually 
well demonstrated (fig. 4). 

Various combinations of the nonspecific 
and specific angiographic changes were seen 
in cases in which both the desmoid-pro- 
liferative and the inflammatory components 
were marked. Whenever one or both com- 
ponents were less pronounced, the angio- 
graphic changes were modified accordingly. 








Fic. 9.—Zoning sign in ileal Crohn’s disease. In- 
jected specimen (upper) and large histologic section 
(lower). Hypervascular and thickened mucosa- 
submucosa (zone A); sparsely vascularized muscu- 


laris (Zone B). 
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Previous reports on_histopathological 
changes in Crohn’s disease have suggested 
that the pathological changes of the bowel 
may be caused by or associated with is- 
chemia of the bowel wall [15, 16]. Our 
findings at in vivo angiography, specimen 
angiography, and histological studies of 
excised specimens gave no anatomical sup- 
port to the concept of ischemia as a causa- 
tive factor in Crohn’s disease [17]. 


Sources of Error 


Erroneous angiographic evaluation of 
diseased bowel segments as normal may be 
caused by the following factors. First, in 
mildly affected segments, vascular changes 
may be insignificant and only observable 
at microscopy. Angiograms do not show 
abnormalities in such areas. Second, there 
normally is a relative paucity of vascula- 
ture in two critical areas of the gut: the 
terminal 3-5 cm of the distal ileum and the 
left half of the transverse colon. Moderate 
inflammatory involvement of these seg- 
ments may produce only minor vascular 
alterations (fig. 10). 

A falsely positive diagnosis of inflamma- 
tory disease may sometimes be suggested 
by mesenteric angiographic findings in nor- 
mal subjects. Physiological hyperemia of 
the bowel is known to be caused by in- 
gestion of foods [18]. Such hyperemia of 
normal jejunal segments was, in the present 
series, occasionally seen also in fasting pa- 
tiencs. This may tentatively be explained 
either as a physiological occurrence or as a 
result of the particular position of the 
catheter tip. The phenomenon was not as- 
sociated with other arterial or venous 
changes. Similarly, wedging of the catheter 
in the inferior mesenteric artery may result 
in dense opacification of the bowel wall, 
suggestive of inflammatory lesions. 

Mesenteric angiography, performed a 
few days after bowel resection for detection 
of a source of postoperative hemorrhage, 
revealed marked hyperemia of the bowel 
wall and rapid arteriovenous transit, prob- 
ably secondary to the operative trauma to 


the bowel. 
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Fic. 10.—Crohn’s disease of distal ileum and 
right hemicolon. Ileal lesions not revealed by angi- 
ography. Specimen angiogram showing thickened 
ileal wall, mildly abnormal arteriae rectae, and 
paucity of vasculature in the terminal 5 cm of the 
distal ileum. 


Differential Diagnosts 


Most of the angiographic changes in 
Crohn’s disease are nonspecific and may be 
seen in other intestinal diseases as well. In 
our experience, the only angiographic fea- 
tures unique to Crohn’s disease are the 
zoning sign and the mesenteric Gefass- 
knauelchen. These distinguishing signs were 
present in about 30% of the cases of 
colonic Crohn’s disease (table 2). Right 
angle branching was frequently difficult to 
evaluate, and thickening of the gut was 
sometimes seen also in ulcerative colitis. 
The presence of ileal abnormalities is diag- 
nostically helpful in ileocolic Crohn’s dis- 
ease, but other signs must be resorted to in 
patients with exclusively colonic involve- 
ment. Among eight patients with Crohn’s 
disease confined to the colon, a clearly 
recognizable zoning sign was present in five, 
but distinguishing features were absent in 
three. 

The angiographic changes in ulcerative 
colitis, described by Herlinger [6] and 
Lunderquist and Lunderquist [8], were 
largely confirmed in our series of 13 patients 
with this disease. These changes are non- 
specific and do not permit a diagnosis of 
the disease. Ischemic disease of the colon 
could angiographically be distinguished 
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from Crohn’s disease only in those cases in 
which occlusions of larger or smaller ar- 
teries were demonstrated. 

Neovasculature as well as arteriovenous 
shunting was frequently observed in carci- 
noma of the colon, but also here differential 
diagnostic problems have been reported [1]. 
Angiography is of diagnostic value in 
mesenteric carcinomatosis and carcinoid 
tumors, revealing encasement and oblitera- 
tion of smaller and larger mesenteric ar- 
teries, neovasculature, and, in carcinoid 
tumors, characteristically radiating vasa 
recta and mesenteric arcade arteries [1, 19]. 

Acute terminal ileitis, a segmental en- 
teritis frequently caused by Yersinia entero- 
colitica infection [20], was angiographically 
indistinguishable from ileal Crohn’s disease. 


CONCLUSIONS 


Angiography provided information on 
the presence and the location of the lesions 
in Crohn’s disease in more than 90% of the 
cases. Diagnostic failures were mainly due 
to paucity of changes in lesions of mild in- 
flammatory activity. Falsely positive diag- 
noses may be made by angiographers un- 
familiar with features in normal angio- 
grams which may mimic inflammatory 
changes. 

The diagnostic value of angiography was 
limited in unoperated cases of Crohn’s dis- 
ease, but the method did permit assessment 
of the extent of the lesions, particularly in 
colonic Crohn’s disease. Colitis, caused by 
Crohn’s disease, could be distinguished 
from ulcerative colitis by angiography in 
only 30% of the cases. In suspected post- 
operative recurrence of Crohn’s disease, 
angiography proved to be of definitive 
clinical value, adding sufficient information 
to barium studies to influence the treatment 
of the patients. In ischemic colitis and in 
malignant conditions of the intestine and 
the mesentery, angiography regularly dem- 
onstrated the presence of lesions; however, 
their nature could only be diagnosed when 
distinguishing angiographic signs were pres- 
ent. 


BRAHME AND HILDELL 


Our current experience suggests the fol- 
lowing indications for angiography in 
known or suspected Crohn’s disease: (1) 
preoperatively, to reveal the presence of 
lesions and to assess the extent of colonic 
involvement; (2) as an aid in differential 
diagnosis when other studies have failed to 
reveal the nature of the lesions; and (3) 
postoperatively, to distinguish postsurgical 
alterations of the intestine from recurrent 
active Crohn’s disease. 
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HEPATIC ANGIOGRAPHY IN ULCERATIVE 
COLITIS AND CROHN’S DISEASE 


Leir EKELUND,! ANDERS Lunperaquist,! Hans Dencker,? AND MÅNS ÅKERMAN? 


ABSTRACT: 


Liver angiography was performed in 13 patients with Crohn’s disease and three 
with ulcerative colitis. Of these patients, 13 underwent liver biopsy, and findings 
were correlated with results of angiography and biochemical tests. Twelve liver 
biopsies were abnormal, primarily showing fatty infiltration and reactive hepatitis. 
Thirteen angiographies were abnormal, with widened and tortuous liver arteries 
being the most common finding. Liver function tests were within normal limits for 
all but three of the 16 patients, thus correlating poorly with findings of the other 
tests. These data show that angiography is useful in detecting hepatic abnormality, 
but evaluation with liver biopsy is necessary to determine the nature of the lesion. 


Recently a number of reports concerning 
hepatobiliary disease associated with ulcer- 
ative colitis and Crohn’s disease have been 
published [1-6]. Fatty changes, pericho- 
langitis, hepatic granulomata, amyloidosis, 
increased fibrosis, and cirrhosis are the most 
frequently reported lesions. A thorough 
survey of the hepatic changes in Crohn’s 
disease and ulcerative colitis is given by 
Perrett et al. [4, 5]. However, to our knowl- 
edge no reports on angiographic findings 
have been published. When patients with 
Crohn’s disease and ulcerative colitis were 
referred for angiographic evaluation of the 
extent of the inflammatory lesions, we 
therefore thought it worthwhile to extend 
the study to the liver. 


MATERIALS AND METHODS 


Three patients with ulcerative colitis and 13 
with Crohn’s disease were examined. Six were 
males and 10 were females; ages ranged from 16 
to 57 years. The diagnosis was verified in all 
cases by histological examination. The extent 
and site of the lesions in the 13 patients with 
Crohn’s disease are given in table 1. For the 
three patients with ulcerative colitis, radiologi- 
cal evidence indicated involvement of the en- 
tire colon. 

Selective angiography of the celiac axis was 
performed in all patients, followed by cathe- 
terization of the common hepatic artery in four. 


In another four patients with supplemental ar- 
terial supply to the liver from the superior 
mesenteric artery, this accessory artery was 
also catheterized. A radiopaque catheter (ID/OD 
=1.4/2.2 mm) was used in all examinations, 
and the contrast medium (Isopaque Coronar, 
Nyco, Norway) was injected at a rate of 4-12.5 
ml/sec, depending on the size of the cathe- 
terized artery. In evaluating the angiograms, 
attention was paid to size of liver and spleen, 
caliber of common hepatic and splenic artery 
as well as intrahepatic branches, tortuosity of 
intrahepatic arteries, density of hepatogram, 
visualization of veins, and eventual signs of 
portal hypertension. 

A liver biopsy was performed in 13 of the pa- 
tients. Five patients had a large needle histo- 
logical biopsy and the other eight a fine needle 
aspiration biopsy for cytologic analysis. 


RESULTS 
Hepatic Angiography 


The angiographic findings are summa- 
rized in table 2. All 13 patients with Crohn’s 
disease had some type of angiographic ab- 
normality. Five had liver enlargement and 
one had decreased liver size, while three pa- 
tients had enlarged spleens. In eight pa- 
tients the diameter of the common hepatic 
artery was larger than or equal to that of 
the splenic artery, indicating an increased 
hepatic flow, and six of these patients also 
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TABLE 1 


EXTENT AND:SITE OF LESIONS IN PATIENTS 
WITH CROHN’S DISEASE 








Site No. Patients 





Terminal ileum and caecum........ 
Tepminal Iei: sé.ca-kccs4se0n iiss 
Multiple small intestinal lesions... .. 
Extensive colonic involvement. ..... 


HUQU UV 


had widened intrahepatic arteries. Seven 
patients had increased tortuosity of intra- 
hepatic arteries, while five had nonhomoge- 
neous hepatograms (fig. 1). 

In 12 cases the portal and splenic veins 
appeared normal; in one case these veins 
were widened. Retrograde flow in the gas- 
troducdenal artery was demonstrated in 
one case in which widening of the hepatic 
artery was also present. Stenosis of the 
celiac artery was found in one case. 

Of the patients with ulcerative colitis, 
one had a normal hepatic angiogram, ex- 
cept for a slight stenosis of the common 
hepatic artery which could be due to spasm. 
The second had normal liver size but en- 
largement of the spleen. Intrahepatic ar- 
teries were tortuous and the hepatogram 
was nonhomogeneous. The hepatic vein 
was visualized in spite of injection into the 


TABLE 2 


ANGIOGRAPHIC FINDINGS 








Finding No. Patients 


Widening of common hepatic artery. 9 
Increased tortuosity of intrahepatic 

CET PE E E T E 
Nonhomogenous hepatogram....... 
Widening of intrahepatic arteries.... 
ER OMCIANY parre 
SPICROMCORLY 5 cto pede a caewiads 
Visualization of hepatic veins....... 
Retrograde flow in gastroduodenal 


GI wm ANAN N WO 


RET oo rk EE ENE E E I 
Portal hypertension with collateral 
at Anl Cal s PEE E TAT I 








Nore.—13 patients have Crohn’s disease and three have ul- 
cerative colitis. 





Fic. 1.—Selective common hepatic angiography in 
33-year-old woman with Crohn’s disease. 4, Arterial 
phase; B, parenchymal phase. Intrahepatic arteries 
wide and tortuous; nonhomogeneous hepatogram. 
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Fic, 2.—Angiography in 32-year-old woman with ulcerative colitis since childhood. A, Superior mesenteric 
angiography showing supplementary artery to enlarged right liver lobe; wide and tortuous intrahepatic ar- 
teries. B, Celiac angiography, venous phase. Note splenomegaly with collateral circulation over inferior 


mesenteric vein indicating portal hypertension. 


celiac artery in this case. The third patient 
was a 32-year-old woman who had colitis 
since she was seven. She developed carci- 
noma of the transverse colon, and colec- 
tomy was performed. At operation portal 
hypertension was diagnosed, and subse- 
quent angiography demonstrated enlarge- 
ment of the liver and spleen, widened and 
tortuous intrahepatic arteries, and signs of 
portal hypertension (fig. 2). 


Liver Function Tests 


Liver function studies including serum 
bilirubin, bromsulftalein retention test 
(BSP), serum alkaline phosphatase, lactic 
dehydrogenase (LDH), and serum glutamic 
oxalacetic transaminase (SGOT) were within 
normal limits in 13 of the 16 patients. In 
the other three (two with ulcerative colitis 
and one with Crohn’s disease), all liver 
function tests were abnormal: serum biliru- 
bin, 1.4-5.5 mg/1oo ml; BSP, 20-30%; 
serum alkaline phosphatase, 30-50 U; 


LDH, 500-700 U; and SGOT, 100-150 U. 


Liver Biopsy 


Of the 13 patients who underwent liver 
biopsy, only one showed a normal liver. In 
six cases reactive hepatitis with a more or 
less pronounced fatty infiltration was noted. 
Five patients had reactive hepatitis with- 
out fatty infiltration, and one patient with 
ulcerative colitis had cirrhosis. Cholangitis 
or granulomata were not found. 

In 10 of 12 patients whose liver biopsies 
were abnormal, angiography also showed 
pathological changes (table 3). In one case 
the biopsy was normal, but angiography 
showed pathological changes. 


DISCUSSION 


Eade and Cooke [2] found inflammatory 
changes of the liver in about 70% of the 
patients with ulcerative colitis. According 
to these authors, cirrhosis develops in 2%- 
3% of cases. Mistilis [3] performed 82 as- 
piration liver biopsies in 49 patients with 
ulcerative colitis and found pericholangitis 
to be the most common change, followed by 
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TABLE 3 


CORRELATION BETWEEN HEPATIC ANGIOGRAPHY, 
Liver Biopsy, AND Liver Function TESTS 





LIveR Func- 








ANGIOGRAPHY Biopsy TION TESTS 
No. ene 

PATIENTS + — + — ND. + — 
Baas 8 8 8 
p SRS 2 2 ee 2 
a Oo “nee Aa A 2 2 
| oe I u I I 
TOR: pa e I I 
TORPAT ag I I 
I I I I 





Norse.—+ = pathological; — = normal; N.D.= not done. 
* Only splenomegaly, otherwise normal. 


active chronic hepatitis. Severe fatty liver 
degeneration was uncommon during life 
but was the most common postmortem 
finding. Thorpe et al. [6] described four 
cases of primary sclerosing cholangitis as- 
sociated with ulcerative colitis. Similar 
changes associated with Crohn’s disease 
have been reported as well. Thus Eade et 
al. [7] found abnormalities in 18 of 20 opera- 
tive biopsies (90%), with 75% showing 
more than minor changes. Cirrhosis, amy- 
loidosis, and multiple hepatic granulomata 
were also found. Perrett et al. [4] studied 
clinical, hematological, biochemical, bac- 
teriological, histological, and immunologi- 
cal data of 100 patients with Crohn’s dis- 
ease. Of 39 patients who underwent liver 
biopsy, 19 had pathological specimens, 
with fatty change and pericholangitis being 
the most common findings. 

The liver changes referred to above can 
explain the angiographic findings 1n our pa- 
tients. All 13 patients with Crohn’s disease 
and two of three with ulcerative colitis had 
angiographic abnormalities. Increased blood 
flow with dilated arteries is a common find- 
ing in inflammatory lesions. Widening of 
the common hepatic artery (ratio of the 
diameters of the common hepatic artery 
and the splenic artery >1 [8]) as well as 
intrahepatic branches, indicating increased 
blood flow to the liver, may also be present 
in cases of malignant tumors of the liver [8]. 


Increased tortuosity of intrahepatic arteries 
was also a fairly common finding in our ma- 
terial (nine of 16 cases), but the pathologic 
significance may be uncertain, at least in 
older age groups [8]. However, 11 of our 
patients were under the age of 40. Non- 
homogeneous hepatograms (seen in seven of 
our patients) may indicate a scattered dis- 
tribution of liver changes, which is also re- 
ported in histological examinations [2]. This 
may explain why liver biopsy can fail to 
demonstrate abnormality. In this study, 
however, angiographic abnormalities were 
found at about the same frequency as 
pathological changes at biopsy. Angiogra- 
phy may thus suggest hepatic abnormality, 
but further evaluation with liver biopsy 1s 
necessary to determine the nature of the 
lesion. 

Regarding the efficiency of laboratory 
tests, Dyer and Dawson [9] found that 16 
of 62 patients (26%) with Crohn’s disease 
had elevated serum level of alkaline phos- 
phatase and 22 of 38 patients (58%) showed 
impaired excretion of BSP. Eade et al. [7] 
found a poor correlation between biochemi- 
cal and histological findings in their pa- 
tients with Crohn’s disease, which is in ac- 
cordance with our results. In our material 
only three of 16 patients had abnormal liver 
function tests. 

The genesis of the hepatic changes seen 
in connection with ulcerative colitis and 
Crohn’s disease is unclear. Portal bacter- 
emia has been found in 24% of patients 
with ulcerative colitis at the time of colec- 
tomy [7], and this may be a triggering fac- 
tor. One point of theoretical interest is the 
reported release of bradykinin from inflam- 
matory tissue [10, 11]. This might explain 
the widening of the hepatic artery and its 
branches, since bradykinin is known to be a 
potent vasodilator. 
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MEGACYSTIS-MICROCOLON-INTESTINAL HYPOPERI- 


STALSIS SYNDROME: A NEW CAUSE OF INTESTINAL 
OBSTRUCTION IN THE NEWBORN. REPORT OF 
RADIOLOGIC FINDINGS IN FIVE 
NEWBORN GIRLS 


W. E. Berpon,! D. H. Baker, W. A. Branc, Britt Gay, 
T. V. SANTULLI, AND CARMEL DONOVAN 


ABSTRACT: 


Five newborn girls presented with small intestinal obstruction and microcolon 
and a giant bladder (megacystis). Organic causes of obstruction were not found, 
and the gastrointestinal tract failed to function after appropriate diversion. Two 
died in the postoperative period, two lived several months on central venous hyper- 
alimentation, and one died at 34 months of age following chronic though intermit- 
tent hyperalimentation. Pathologic studies showed an abundance of ganglion cells 
in both dilated and narrowed areas of intestine; the combined small bowel-colon 
length was one-third of normal in the absence of an evident obstructive or vascular 
insult. The five patients represent the most severe manifestation of defective in- 
testinal peristalsis in a larger group of distended newborns in whom organic gastro- 
intestinal obstruction is not found. Treatment with central venous hyperalimenta- 
tion may sustain life, and some patients eventually recover gastrointestinal function. 
The hypoperistalsis is largely refractory to pharmacologic treatment; its cause 1S 


unknown. 


INTRODUCTION 


Five newborn girls presented with marked 
abdominal distention and bile vomiting. 
All were explored for intestinal obstruction; 
dilated small bowel with a distal microcolon 
was found in the absence of organic ob- 
struction. The bulk of the abdominal dis- 
tension was due to a giant bladder (mega- 
cystis) in the absence of distal genitourt- 
nary obstruction. Those who survived the 
immediate postoperative period never de- 
veloped adequate intestinal function, sur- 
viving for varying periods of time on hyper- 
alimentation. All had ganglion cells present 
in both the dilated and narrowed segments 
of bowel. 


CASE REPORTS 
Case I 


Patient L. B. was a term female born on 


August 26, 1961, with massive abdominal dis- 
tension. There was no history of hydramnios, 
and she was explored with the preoperative 
diagnosis of intestinal obstruction. When the 
abdomen was opened, it was filled with a huge 
cystic mass rising out of the pelvis. The small 
intestine was dilated, and the colon was de- 
scribed as a microbowel 4-5 mm in diameter. 
Organic stenosis was not found; mesenteric 
fixation of the midgut was lacking, but there 
was no volvulus. The “cystic mass”? was the 
bladder, which contained 250 cm? of urine; the 
ureters were dilated and tortuous. She died on 
the first postoperative day following a supra- 
pubic cystostomy and gastrostomy and sigmoid 
biopsy. The biopsy showed ganglion cells in 
abundance. 


Case 2 


C. B., the sibling of case 1, was a term female 
born on July 24, 1962, and was also noted to 
have massive abdominal distension in the ab- 
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sence of a history of hydramnios. Plain films 
(fig. 14) and a contrast enema (fig. 1B) showed 
a malrotated microcolon and dilated air-filled 
small bowel loops displaced by a huge abdomi- 
nal mass of soft tissue. This proved to be the 
bladder, which contained 370 cm? of urine. She 
also had malfixation of the midgut without vol- 
vulus. The dilated small bowel led to a tiny 
distal ileum and microcolon without organic ob- 
struction. The genitourinary tract showed mas- 
sive hydronephrosis (fig. 1C) and a thick-walled, 
enlarged bladder in the absence of distal ob- 
struction. She also died in the immediate post- 
operative period from infection. The autopsy 
revealed ganglion cells throughout the bowel. 
Comment. At the time these two siblings 
seemed to have a partial expression of the prune 
belly syndrome, with dilated ureters, giant 
bladders, and stretched abdominal walls. They 
did not survive long enough for the problem of 
intestinal peristalsis to become manifest. 


Case 3 


J. C. was a term female born on December 30, 
1971, with marked abdominal distension; bile 
vomiting soon developed. She too was explored 
for intestinal obstruction after preliminary 
plain films (figs. 24 and 2B) showed dilated 
loops of small bowel; however, the bulk of the 
abdominal distension was not due to these 
loops. When the abdomen was opened, it was 
found to be virtually filled by a huge cystic 
mass. The abdomen was closed and the patient 
was transferred to Babies Hospital, where a 
contrast enema showed a displaced microcolon 
(fig. 2C). Repeat laparotomy showed the mass 
to be the bladder, which contained several hun- 
dred cubic centimeters of urine. A suprapubic 
cystostomy and ileostomy were performed. She 
too had a dilated small bowel and tiny colon; 
anomalous fixation of the midgut was present 
in the absence of volvulus. Examination of the 
urinary tract showed the bladder to be thick 
walled and the ureters to be dilated (fig. 2D). 
The patient required continuous intravenous 
feedings, and finally hyperalimentation had to 
be instituted. Attempts to feed her through the 
gastrostomy were never successful, and ileos- 
tomy drainage was minimal. Contrast agents 
were injected into the stomach which showed it 
to empty into the duodenum and upper jeju- 
num followed by retrograde passage of the con- 
trast into the stomach. When contrast was 
injected into the ileostomy stoma, it flowed in 
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retrograde fashion to the stomach. The patient 
survived until May 13, 1972. Ganglion cells 
were present at autopsy in both the dilated and 
narrowed segments of bowel. 

Comment. This was our first such patient to 
survive the immediate postoperative period; it 
became apparent that the gastrointestinal tract 
was unable to achieve effective peristaltic ac- 
tivity. Repeated operations and revisions of 
anastomoses were undertaken as well as trials 
of various peristaltic stimulants. None of these 
measures resulted in a functioning intestinal 
tract. 


Case 4 


N. B. was a term female born on July 19, 
1974, with massive abdominal distension (fig. 
34). Preoperative radiographic studies showed 
the presence of a huge bladder as the main 
source of the mass, with small bowel dilatation 
and a microcolon as well (fig. 3B). Surgical ex- 
ploration revealed 3¢ cm of dilated small bowel 
with a contracted distal small bowel of 20 cm. 
(Total small bowel length was 55 cm compared 
to a normal length of 240 cm.) A malfixed mid- 
gut and microcolon were also observed. No or- 
ganic obstruction was found, and volvulus was 
absent. The bladder was thick walled with 
tortuous ureters. Suprapubic cystostomy and 
ileostomy were performed. Ganglion cells were 
present in the rectal biopsy. The baby was 
transferred to Babies Hospital for hyperali- 
mentation treatment. 

Despite a variety of formulas and peristaltic 
stimulants, ileostomy drainage was minimal 
and gastrostomy feedings could not be main- 
tained. Intravenous pyelogram showed return 
of the upper tracts to normal following bladder 
drainage (fig. 3C). Again, as in case 3, contrast 
injection into the stomach (fig. 3D) showed 
filling of the duodenum and proximal jejunum; 
then the contrast material would back up into 
the stomach. Contrast injected into the ileos- 
tomy stoma would pass in retrograde fashion 
into the stomach. Death finally occurred at 6 
months of age. 


Case 5 


S. D. was a term female born on March 6, 
1973, and immediately noted to be distended. 
She was examined at the Henrietta Eggleston 
Hospital in Atlanta for suspected ileal atresia. 
As in the previous cases, the bulk of the ab- 
dominal distension was due to a huge bladder 





(fig. 4.7) associated with tortuous ureters. The 
small bowel was dilated and malfixed, but there 
was no volvulus and the colon was of a tiny 
caliber. Ganglion cells were present in the rectal 
and other biopsies. The intravenous pyelogram 
(after bladder drainage) showed normal upper 
tracts (fig. 48). She has been continuously hos 
pitalized, both in Georgia and in Babies Hospi- 
tal in New York for hyperalimentation treat- 
ment, formula changes, and pharmacological 
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Fic. 1.—Case 2. 4, Supine film of abdomen on 
first day of life showing displacement of jejunal 
loops to right; remainder of abdomen distended 
although gasless. B, Contrast enema several 
hours later showing soft tissue mass rising out of 
pelvis and displacing opacified microcolon and 
air-filled small bowel loops. The ‘‘mass’”’ was a 
giant bladder. C, Intravenous pyelogram follow- 
ing bladder drainage. Note markedly dilated 
upper tracts. 


trials in an attempt to promote intestinal 
peristalsis. 

She has never achieved a functional gastroin- 
testinal tract for more than a few days at a 
time. At 24 years of age she is a bright girl of 
normal intelligence and rides a bicycle through 
the hospital corridors while attached to a hyper- 
alimentation pump. Parasympathomimetic agents 
as well as adrenergic blockade regimens have 
been tried without success. 
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Fic. 2.—Case 3. 4, Supine film of abdomen on first day of life showing distended gasless abdomen save for 
stomach. Soft tissue mass indents inferior gastric wall. B, Lateral plain film showing cutoff of gas distal to 
dilated duodenum. C, Contrast enema showing malrotation of microcolon. D, Intravenous pyelogram follow- 
ing bladder drainage. Note dilated upper tracts. 
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Fic. 3.—Case 4. 4, Lateral film on first day of life showing stomach and proximal small bowel displaced 
by soft tissue mass that fills abdomen. B, Cystogram showing bladder to rise above umbilicus. Vagina and 
microcolon also opacified; injections were made separately into each structure. C, Intravenous pyelogram 
after several weeks of bladder drainage. Normal upper tracts. D, Upper GI series following contrast injection 
into gastrostomy showing filling of duodenum and proximal jejunem. They then emptied back into stomach. 
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Fic, 4.—Case 5. 4, Cystogram and contrast enema on first day. Microcolon displaced by huge bladder. 
B, Intravenous pyelogram after bladder drainage. Normal upper tracts; residual contrast persists in colon. 


Following submission of this manuscript in 
the fall of 1975, it was learned that the patient 
died in Atlanta at approximately 34 months of 
age; there was no autopsy. 


PATHOLOGIC FINDINGS 


Either biopsies or autopsies were per- 
formed on the five patients in an attempt to 
determine the cause of their distension and 
failure of normal peristaltic activity (table 
1). All had dramatic shortening of the total 
intestinal length to one-third of normal. 
This was in the absence of organic obstruc- 
tion or signs of a prenatal vascular catas- 
trophe of any type. All had abdominal wall 
musculature, although in case 1 it was quite 
thin. All of the patients not only had 
ganglion cells but seemed to have an excess 
of both ganglion cells and nerve fibers. The 


distribution of colon ganglion cells may re- 
flect an artifact of disuse atrophy and 
empty lumen. The ganglion cells appear 
mature. This seeming “hyperganglionosis” 
was focal in some of the pathological sec- 
tions and widespread-at other sites. 
Pressure exerted by the huge bladders 
filled with several hundred cubic centi- 
meters of urine might be expected to inter- 
fere with fetal swallowing sufficiently to 
produce hydramnios. Such was not the case 
in any of the patients. Neither was there 
evidence of oligohydramnios. (None of 
them had the clinical features of low-set 
ears, club feet, Potter’s facies, or hypoplas- 
tic lungs which are seen in patients with 
failure of normal fetal urination.) It is pos- 
sible that a delicate balance existed in these 
patients between interference of swallowing 
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TABLE 1 
PATHOLOGICAL FINDINGS 
Combined Small Bowel— 
Case Colon Length at Maturity of 
No. Autopsy (Cm) Organic Stenosis Ganglion Cells Nerve Fibers Ganglion Cells 
Poriin N.D. None Abundant in colon biopsy Increased Normal 
RE 105 None, although Hyper throughout Increased Normal 
terminal ileum 
narrow 
e OE NE IIO None Irregular pattern, focal Increased Normal 
hyper and focal normal 
er III None Hyper in colon Increased Normal 
Bia N.D. Abundant in colon biopsy Increased Normal 


Nere.—Average newborn small bowel length= 240 cm; average colon length= 60-90 cm. N.D.= not done. 


of amnion (hydramnios) and fetal retention 
of urine (oligohydramnios) so that pulmo- 
nary development was not significantly 
affected. 


DISCUSSION 


In recent years with the application of 
central venous hyperalimentation to new- 
borns with complicated problems of intesti- 
nal obstruction, a group of patients have 
emerged who have become “prisoners’’ of 
hyperalimentation, despite seemingly ade- 
quate surgery for their intestinal obstruc- 
tion. Some of the patients (both male and 
female) present with colon distension and 
are explored with a preoperative suspicion 
of Hirschsprung’s disease, only to show 
ganglion cells on their rectal biopsy as well 
as an absence of an organic site of obstruc- 
tion. In others there is massive small bowel 
distension so that the patients are explored 
with the preoperative diagnosis of ileal 
atresia. Again, as in our cases, organic ob- 
struction is absent and biopsy shows 
ganglion cells to be present. Some patients 
eventually recover gastrointestinal func- 
tion, while others survive for varying peri- 
ods of time on hyperalimentation. 

Thus, the “megacystis-microcolon” syn- 
drome, as such, is only a part of the major 
problem of intestinal hypoperistalsis in the 
absence of aganglionosis. The cause is un- 
known. Familial incidence was noted in 
cases I and 2. (When this report was pre- 
sented at the 1975 meeting of the Society 


for Pediatric Radiology, several members 
responded that they have seen similar 
cases.) In its full-blown form it appears to 
represent a new syndrome of “functional” 
intestinal obstruction; it has possibly been 
confused in the past with a form of the 
prune belly syndrome. Though the bladder 
is the main source of the abdominal mass, 
the urinary tract function does return after 
appropriate urinary diversion; in the gas- 
trointestinal tract, appropriate diversion 
fails to work. 

These patients have the most severe 
manifestation of intestinal hypoperistalsis 
among a wider group of newborns [1-4]. 
The mildest manifestation of hypoperistal- 
sis in newborns is probably among those 
with the “small left colon” syndrome (i.e., 
meconium plug syndrome) [2, 3], where one 
or more enemas usually succeeds in estab- 
lishing normal intestinal function. The 
strikingly high incidence of maternal dia- 
betes seen in the “small left colon” syn- 
drome was not noted in any of the patients 
with the megacystis-microcolon syndrome. 
None had pathologic or other signs of cystic 
fibrosis [5]. 

Biopsies from some premature infants 
with marked small bowel distension have 
shown “immature” ganglion cells [3]. These 
were not present in any of our cases. The 
abnormality was not in the maturation of 
the ganglion cells or their absence, but 
rather in a seeming increase in number of 
normal-appearing ganglion cells and nerve 
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fibers. Chemical studies of ganglion cell 
function have not been performed. 


Radiologic Findings and Differential Diag- 
nosis 


Calcification was not present in any of 
the five cases; all showed displacement of 
stomach and small bowel by the huge 
bladder that filled the abdomen (figs. 14, 
24, 2B, and 34). Four of the five patients 
had contrast enemas since intestinal ob- 
struction was diagnosed from distension 
and bile vomiting; all showed a displaced 
microcolon (figs. 1B, 2C, 3B, and 4B) [6]. 
The true genitourinary nature of the mass 
was revealed only when the bladder was 
either drained or opacified (figs. 3B and 
44). Intravenous pyelograms showed vary- 
ing degrees of hydronephrosis (figs. 1C and 
2D) in part related to the time interval be- 
tween bladder drainage and the perfor- 
mance of the intravenous pyelogram. Vesi- 
coureteral reflux was absent. The upper 
tracts of cases 4 and 5 returned to normal 
despite repeated attacks of urinary tract 
infection (fig. 3C and 4B). 

The major problem in differential diag- 
nosis was to distinguish these cases from 
patients with a prenatal volvulus where the 
volvulated loops present as a water density 
mass, with microcolon distal and dilated 
stomach and duodenum proximal [5]. (We 
had previously noted this “pseudocyst” in 
a report on the gastrointestinal findings in 
meconium ileus, since more than half of the 
patients with the prenatal matted volvulus 
had underlying cystic fibrosis.) None of the 
five girls in this report had pathologic or 
familial evidence of cystic fibrosis. 

Obviously, more confusion could occur 
were the giant bladder to be studied as an 
“abdominal mass.” To avoid such con- 
fusion, radiologists confronted with plain 
films, as in our cases, should have such pa- 
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tients catheterized before any contrast 
studies of either the urinary or intestinal 
tract are contemplated. The megacystis 
component of the syndrome will be appar- 
ent after bladder drainage, and the micro- 
colon component will be obvious from the 
contrast enema. Alternatively ultrasonog- 
raphy could be done to delineate the size of 
the bladder. 

The postoperative radiographic studies 
in these patients consisted of repeated at- 
tempts to find the site of obstruction that 
could account for the failure of the intesti- 
nal tract to function. Contrast medium 
did indeed leave the stomach and fill the 
dilated duodenum and jejunum, leading to 
repeated operations in search of adhesions 
or jejunal stenosis. Only with time did it 
become apparent that the “obstruction” in 
these patients was functional. 

All of the cases have succumbed, either 
in the immediate postoperative period or 
after months or even years of hyperalimen- 
tation. Proper treatment of this syndrome 
will have to await clarification of its cause. 


REFERENCES 


1. Cremin BJ: Functional intestinal obstruction in 
premature infants. Pediatr Radiol 1 : 109-112, 1973 

2. Davis WS, Allen RP, Favara BE, Slovis TL: Neo- 
natal small left colon syndrome. 4m Y Roentgenol 
120: 322-329, 1974 

3. Le Quesne GW, Reilly BJ: Functional immaturity 
of the large bowel in the newborn infant. Radio/ 
Clin North Am 13:331-342, 1975 

4. Sieber, WK, Girdany BR: Functional intestinal 
obstruction in newborn infants with morphologi- 
cally normal gastrointestinal tracts. Surgery 53: 
357-361, 1963 

5. Leonidas JC, Berdon WE, Baker DH, Santulli 
TV: Meconium ileus and its complications. 4m Y 
Roentgenol 108 :598—609, 1970 

6. Berdon WE, Baker DH, Santulli TV, Amoury 
RA, Blanc WA: Microcolon in newborn infants 
with intestinal obstruction. Radiology 90:878-885, 
1968 


Am F Roentgenol 126:965-969, 1976 


MULTIPLE “BULL’S-EYE” LESIONS IN 
GASTRIC LYMPHOMA 


N. Reep Dunnick,! GeorcE S. HARELL, AND Bruce R. PARKER 


ABSTRACT: 


Three adolescent patients with multiple gastric target lesions and gastric lym- 
phoma are reported. Each had either histiocytic or poorly differentiated lymphoma. 
The literature was reviewed to ascertain whether multiple gastric lymphomatous 
target lesions were confined to adolescent patients or to patients with a particular 
histologic subtype. Review of 119 cases in the literature did not support either 


hypothesis. 


INTRODUCTION 


Multiple “target” or “bull’s-eye” lesions of 
the stomach, consisting of large, centrally 
located collections of barium within ul- 
cerated masses, are an infrequent roent- 
genographic finding on upper gastrointesti- 
nal barium examinations in patients with 
lymphoma. Three adolescent patients with 
multiple gastric bull’s-eye lesions caused by 
non-Hodgkin’s lymphoma have been treated 
at Stanford University Hospital Medical 
Center. Because all three patients were 
adolescents, a literature search was per- 
formed to determine whether bull’s-eye le- 
sions are peculiar to the adolescent age 
group or to a particular histologic subgroup 
of non-Hodgkin’s lymphoma. 


CASE REPORTS 
Case I 


A 17-year-old white female with recurrent 
abdominal pain and vomiting was admitted to 
Stanford University Hospital in May 1968. An 
elevated serum amylase suggested pancreatitis, 
and conservative therapy was employed until 
June 2, 1968, when she passed a tarry stool. An 
upper gastrointestinal series demonstrated 
bull’s eye lesions in the stomach (fig. 1). The 
masses varied in size, as did the ulcers within 
them. On June 5, 1968, she underwent ex. 
ploratory laparotomy where tumor was found 
involving the stomach, pancreas, right ovary, 
and fallopian tube. The gastric and pelvic 
tumor masses were removed. Histologic exami- 


nation revealed undifferentiated Burkitt type 
lymphoma. The patient was referred to the 
National Institutes of Health for further evalu- 
ation and therapy. Despite an initial response 
to chemotherapeutic agents including cyclo- 
phosphamide, methotrexate, vincristine, and 
prednisone, the patient expired 8 months 
after initial diagnosis. 


Case 2 


A 16-year-old white male was hospitalized in 
November 1974 with recurrent abdominal pain, 
vomiting, and guaiac-positive stools. A left 
cervical node biopsy showed lymphoma. On 
November 21, 1974, he was transferred to 
Stanford University Hospital where an upper 
gastrointestinal and small bowel series demon- 
strated multiple gastric bull’s-eye lesions (figs. 
2A and 2B). The jejunum and ileum contained 
multiple endoexcentric masses and intraluminal 
masses, but no bull’s-eye lesions were demon- 
strated (figs. 2C and 2D). Paraortic lymphade- 
nopathy was demonstrated by lymphography 
and excretory urography. Barium enema was 
normal. Repeat biopsy of the left cervical mass 
revealed undifferentiated non-Hodgkin’s lym- 
phoma. After initial therapy with intravenous 
cyclophosphamide, he returned to the referring 
institution for further treatment. In March 
1975 he developed a local recurrence of tumor 
in the left neck, and in May 1975 intestinal per- 
foration occurred which was presumed secon- 
dary to the intestinal involvement. 


Case 3? 


A 16-year-old white male presented with a 
2-month history of fever, cough, night sweats, 


1 All authors: Department of Radiology, Diagnostic Division, Stanford University School of Medicine, Stanford, California 94305. 
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Fic. 1.—Case 1: 17-year-old Caucasian female with undifferentiated gastric lymphoma (Burkitt type). 
Lymphoma also involved the pancreas, right ovary, and right fallopian tube. 4, Multiple gastric bull’s- 
eye lesions (arrows); B and C, detail utilizing compression showing the different size tumor masses and 


ulcers. 


and chest and shoulder pain on August 21, 1972. 
A chest radiograph showed a large anterior 
mediastinal mass and a smaller left hilar mass. 
On September 14, 1972, he was transferred to 
Stanford University Hospital where a chest 
radiograph revealed pulmonary as well as 
mediastinal involvement. Histologic examina- 
tion of tumor obtained at thoractomy revealed 
diffuse histiocytic lymphoma. Following an 
episode of nausea and vomiting, an upper gas- 
trointestinal series disclosed multiple bull’s-eye 
lesions of varying size in the stomach and in 
the duodenum (fig. 3). A bipedal lymphogram 
showed enlarged para-aortic lymph nodes con- 
sistent with lymphoma. The pulmonary and 
mediastinal lesions responded to radiation ther- 


apy, and chemotherapy was also initiated. His 
stool guaiacs were negative at discharge on 
October 10, 1972, after being positive through- 
out most of the hospitalization. However, pro- 
gressive pulmonary and intracranial disease 
resulted in death 5 months after diagnosis. 
Permission for postmortem examination was 


denied. 


DISCUSSION 


The differential diagnosis of multiple 
bull’s-eye lesions in the gastrointestinal 
tract includes metastatic tumor, especially 
melanosarcoma and lymphoma, and far less 
frequently Kaposi’s sarcoma, carcinoid tu- 
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Fic. 2.—Case 2: 16-year-old Caucasian male with diffuse histiocytic lymphoma involving stomach, small 
bowel, paraaortic lymph nodes, mediastinum, left hilus, and pulmonary parenchyma. 4, Varying size bull’s- 
eye lesions in distal body; B, detail utilizing compression; C, small bowel demonstrating intraluminal and 
endoexocentric masses; D, detail. No bull’s-eye lesions were seen in the small intestines. 


mors, and multiple ulcerated spindle cell lymphoma [1]. In the stomach, the target 
tumors [1-5]. Multiple target lesions of the lesions of lymphoma may vary in size (figs. 
same size limited to one or several segments 1-3). Multiple bull’s-eye lesions of the small 
of the small bowel are reported to suggest bowel of varying size are more commonly 
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Fic. 3.—Case 3: 16-year-old Caucasian male with stage 4B undifferentiated, non-Hodgkin’s lymphoma in- 


volving the stomach and small bowel. 4, Multiple gastric target lesions; most are the same size but one in 
the high body near the lesser curve is considerably larger. B, Detail of two similar size target lesions. C, 
Multiple target lesions of the distal second part of the duodenum (arrows). 


found in metastatic melanosarcoma [1]. 
Other causes of bull’s-eye lesions are re- 
ported to include eosinophilic granuloma, 
aberrant pancreas, and adenocarcinoma [1]. 
Our three patients with multiple gastric 
bull’s-eye lesions secondary‘ to lymphoma 
were adolescents with a poorly differen- 
tiated or histiocytic lymphoma (Rappaport 
classification [6]). Each had abdominal 


pain, nausea, and vomiting. All had disease 


at other sites and were stage 4B. Two of the 
three (cases 2 and 3) had lymphoma involv- 
ing the small bowel as well as the stomach. 
Case 2 had multiple small bowel endoex- 
centric and polypoid intraluminal masses 
(figs. 2C and 2D). In case 3, multiple target 
lesions were present in the duodenum 
(ig, 3G). 

A review of 119 cases in the literature of 
well-documented gastric lymphoma dis- 


TABLE 1 


OccuRRENCE OF MuLTIPLE BULL’s Eye LESIONS 











Reference 


Wang and Peterson [7]............. 
Fuchs Cb al, [Bheistein 
Keller and Hering [9].............. 





Classification Age Sex 


“Hodgkin’s disease” ga EM 
Lymphosarcoma 22 M 
Reticulum cell sarcoma* 


Reticuloblastoma* 


Ohtake et al. [10].................. Reticulum cell sarcoma* 35 M 
Reticulum cell sarcoma* 47 M 
Prësent repot oii bec bed ania Undifferentiated lymphoma, Burkitt type F 
Undifferentiated lymphoma 16 M 
Histiocytic lymphoma 16 M 





* Histiocytic lymphoma in Rappaport classification [6]. 


BULLS-EYE LESIONS IN GASTRIC LYMPHOMA 


closed six cases of clearly demonstrated 
multiple bull’s-eye lesions (table 1) [7-10]. 
Including our three cases, the age range was 
16-47 years; five of the patients were male 
and one female. Using the Rappaport clas- 
sification [6], the histologic diagnosis in five 
patients would be considered histiocytic 
lymphoma. Two patients had poorly dif- 
ferentiated lymphoma, one of which was 
Burkitt type. The number of cases of mul- 
tiple lymphomatous gastric bull’s-eye le- 
sions is too few for statistical evaluation, 
and the age distribution of the patients and 
the histologic subtypes found do not as yet 
suggest a definite trend toward a particular 
age group nor a particular subtype of non- 
Hodgkin’s lymphoma. 
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VASCULAR IMPRESSIONS OF THE GUT SECONDARY 
TO CHRONIC VASCULAR OCCLUSIVE DISEASE 


LesLie MEeNnuck! anp Marc CoE! 


ABSTRACT: 


Clinical diagnosis of chronic vascular occlusive disease is difficult since symptoms 
are often vague. The presence of discrete extrinsic contoural defects along the medial 
aspect of the descending duodenum or proximal small bowel is a useful diagnostic 
feature in such patients. Five of eight patients with chronic vascular occlusion 
who had examination of the upper gastrointestinal tract demonstrated this finding. 
If presented with this radiographic observation on barium study, visceral arteriog- 


raphy should then be considered. 


The clinical diagnosis of chronic vascular 
occlusive disease involving the gut is diffi- 
cult since the clinical symptoms and find- 
ings are often vague and nonspecific. These 
patients often will have multiple exams of 
the upper gastrointestinal tract and small 
bowel before the diagnosis is finally made 
by arteriography or at surgery. The pres- 
ence of contoural defects of the gut from 
large collateral vessels may be seen on 
barium study early before irreversible 
ischemic changes to the bowel occur. 

Patients were selected from the Veterans 
Administration Hospital in San Diego who 
had visceral arteriograms which demon- 
strated occlusion of one of the three major 
visceral vessels. Cases which were felt to be 
acute were excluded. Of the 12 patients 
with chronic vascular occlusion, eight had 
barium studies of the upper gastrointestinal 
tract. Five of the eight patients demon- 
strated definite contoural defects related to 
large collaterals. One study was equivocal 
and two were normal. 


CASE REPORTS 
Case I 


A 52-year-old man presented with a several- 
month history of nonspecific epigastric pain 
which was partially relieved by food and ant- 
acids. A barium exam of the upper gastro- 
intestinal tract demonstrated a small prepyloric 


ulcer and two small discrete extrinsic impres- 
sions on the medial portion of the duodenal 
sweep. Endoscopy confirmed the prepyloric 
ulcer and suggested two small extrinsic filling 
defects along the medial aspect of the proximal 
descending duodenum and at the junction of 
the second and third portions of the duodenum. 
The patient was treated conservatively, but 
because of persistent discomfort and the clinical 
question of carcinoma of the pancreas, visceral 
angiography was performed. Arteriography 
demonstrated occlusion of the celiac axis with 
retrograde filling of the celiac axis from the 
superior mesenteric artery through very large 
collaterals in the pancreatoduodenal arcade. 
The discrete filling defects in the medial duode- 
nal sweep were related to the large collateral 
vessels. The patient refused surgery and was 
subsequently lost to follow-up (fig. 1). 


Case 2 


This 48-year-old man had a long history of 
spastic neurogenic bladder secondary to multi- 
ple sclerosis. An excretory urogram was per- 
formed which suggested a right renal mass. 
Renal arteriography was then done and 
showed a normal kidney. However, there was 
occlusion of the celiac axis which was filled in 
a retrograde manner from the superior mesen- 
teric artery via the large collaterals of the 
pancreatoduodenal arcade. A barium exam of 
the gastrointestinal tract demonstrated multi- 
ple filling defects of the duodenal sweep sec- 
ondary to these enlarged collateral vessels 
(fig. 2). 


1 Department of Radiology, University of California at San Diego, and Veterans Administration Hospital, San Diego, California 
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Fic. 1—A, Two extrinsic impressions (arrows) on medial aspect of proximal descending duodenum and at 
junction of second and third portions. B, Enlarged pancreatic arcade vessels impressing upon median duode- 
nal border (open arrow). Note lateral duodenal margins (c/osed arrows). 


Case 3 


This 58-year-old man presented with a 3 
month history of intermittent dull periumbilical 
pain and a 15 pound weight loss. An examina- 
tion of the upper gastrointestinal tract showed 
an extrinsic deformity to the medial aspect of 
the descending duodenum. An ultrasound 
examination of the abdomen was normal. Vis- 
ceral arteriography was then performed because 
of the clinical suspicion of pancreatic neoplasm. 
There was occlusion of the celiac axis with 
retrograde filling through the enlarged pan- 
creaticoduodenal arcades. The patient was 
treated conservatively with medical follow-up 


(fig. 3). 
DISCUSSION 


The clinical diagnosis of chronic vascular 
occlusive disease is an extremely difficult 
one. Most cammonly, these patients have 


a long history of nonspecific vague abdomi- 
nal pain which is often classified as “of un- 
known origin.” Sometimes their symptoms 
become more characteristic as in “‘post- 
prandial angina.” Some patients may de- 
velop malabsorption secondary to chronic 
ischemia [1, 2]. With chronic borderline 
vascular perfusion of the gut, any acute 
superimposed episode of ischemia (hypo- 
tension, hypoxia, arrhythmia, blood loss, 
emboli, etc.) may further decrease perfu- 
sion and lead to irreversible infarction. 
Most patients who ultimately do develop 
a significant occlusion have chronic com- 
plaints and usually have had a previous 
upper gastrointestinal series which might 
have allowed the diagnosis to be made at an 
earlier time. 

Occlusion of the celiac axis or superior 
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Fic, 2.—4, Extrinsic impressions on medial and lateral aspects of descending duodenum and of inner 
aspect of third portion of duodenum. B, Tortuous, enlarged pancreatic arcades fitting contoural defects seen 


on barium study. 


mesenteric artery will lead to a marked in- 
crease in flow in the pancreatoduodenal ar- 
cade. These collaterals, which are the pri- 
mary arterial connection between the celiac 
trunk and superior mesenteric artery, paral- 
lel the descending portion of the duodenum 
[3, 4]. 

When there is occlusion of both the celiac 
axis and the superior mesenteric artery, the 
gut is primarily supplied by a collateral 
network originating from the inferior mes- 
enteric artery. In this situation, a large left 
colonic collateral vessel passes around the 
splenic flexure of the colon to the central 
anastomotic artery (meandering mesenteric 
artery) and supplies first the superior mes- 
enteric artery [4, 5] and subsequently the 
celiac axis (through the pancreatoduodenal 
arcade). 

If the inferior mesenteric artery is oc- 
cluded, the collateral flow comes primarily 


from the superior mesenteric artery through 
the middle colic—left colic anastomosis and 
from the internal iliac via the hemorrhoidal 
arterial network. 

When all three splanchnic vessels are oc- 
cluded, the primary collateral flow to the 
gut is from the internal iliac arteries which 
first fill the hemorrhoidal network and 
then, in a retrograde manner, feed the 
colonic collaterals, the superior mesenteric 
artery, and the celiac axis. 

A barium study of the gastrointestinal 
tract in patients with chronic occlusive vis- 
ceral vascular disease will often demon- 
strate extrinsic contoural defects related to 
these enlarged collateral vessels [3, 6]. Due 
to the relationship of the pancreatoduode- 
nal arcade to the duodenum, vascular im- 
pressions are a common finding, especially 
on the medial aspect of the proximal de- 
scending duodenum. These impressions, 
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Fic. 3.—d, Biconcave extrinsic impressions (arrows) on anterior medial aspect of descending duodenum. 


B, Enlarged pancreaticoduodenal arcade filling occluded celiac axis via superior mesenteric artery. 


best demonstrated with hypotonic duo- 
denography, are often multiple. The large 
meandering mesenteric vessels may also 
produce an extrinsic pressure defect. Its 
location and course in the left upper quad- 
rant will cause a discrete impression on the 
adjacent gut which is usually the proximal 
jejunum. While the location may vary 
somewhat, the appearance of a well-defined 
discrete impression should raise the pos- 
sibility of a large collateral vessel. 

When smooth extrinsic defects are found 
in the small bowel, especially along the 
medial aspect of the second portion of the 
duodenum, collateral flow from vascular 
occlusive disease should enter the differ- 
ential diagnosis. Arteriography should then 
be performed for confirmation. Thus, in pa- 
tients with nonspecific symptomatology, 
hypotonic duodenography and small bowel 
examinations may lead to earlier diagnosis 
and earlier therapy of visceral vascular oc- 
clusive disease. 


ADDENDUM 


Since submitting this paper we have had 
an additional case in an asymptomatic 58- 
year-old male. 
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A NEW CONCEPT OF ASCITIC FLUID DISTRIBUTION 


Antuony V. Proto,! Epwarp J. Lang, AnD Joun P. MARANGOLA 


ABSTRACT: 


Of 26 patients with ascites examined by B-mode ultrasonography, 14 had scans 
appropriate for evaluating the presence of fluid within the abdominal cavity. These 
studies demonstrate localization of fluid anteriorly around the tip of the liver and 
emphasize the importance of such factors as density relationships and the “pli- 
ability” of the anterior abdominal wall in the distribution of ascitic Auid. A review 


of the literature is presented. 


A recent investigation [1] of soft tissue 
densities has shown that on plain films of 
the abdomen the lateral liver border is 
visualized in ascites as a result of a differ- 
ence in density between the liver and sur- 
rounding ascitic fluid. An interesting off- 
shoot of this work was that the larger in- 
traperitoneal organs all were found to have 
densities greater than that of ascitic fluid, 
suggesting that organs should sink in ascitic 
fluid rather than float. In addition, cadaver 
experimentation demonstrated a different 
localization of ascitic fluid than had been 
anticipated. These findings prompted a re- 
view of the literature as well as further in- 
vestigation of the distribution of ascitic 


fluid. 


LITERATURE REVIEW 


The literature contains several reports on 
the path of spread and localization of intra- 
peritoneal fluid. The conclusions drawn 
from these studies have been based on clini- 
cal observations [2, 3] and on cadaver and 
in vivo studies [4-6]. 

It is generally agreed that fluids will avail 
themselves of those naturally occurring in- 
traperitoneal compartments formed by the 
mesenteric attachments and peritoneal re- 
flections (fig. 1). The peritoneal cavity can 
be divided into both abdominal and pelvic 
components, the division between the two 
being located at the level of the iliac vessels 
and posterior pelvic brim. Further division 
of the larger abdominal cavity into supra- 


mesocolic and inframesocolic spaces occurs 
by virtue of the transverse colon and its 
associated mesocolon. The external para- 
colic gutters are potential areas of com- 
munication between these two spaces. Dia- 
grammatic representations of these com- 
partments have been presented [4-6]. 

1) Supramesocolic space. This extends 
from the diaphragm to the transverse colon 
and mesocolon. It is further divided into 
the right and left subhepatic and sub- 
phrenic spaces. 





Fic. 1.—Diagram of intraperitoneal compart- 
ments. 7, Supramesocolic space; 2, right inframeso- 
colic space; 3, left inframesocolic space; 4, right 
paracolic gutter; 5, left paracolic gutter. 


Presented at the annual meeting of the American Roentgen Ray Society, Atlanta, Georgia, October 1975. 
1 Department of Radiology, Upstate Medical Center, Syracuse, New York 13210. 
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2) Lnframesocolic space. This extends 
from the transverse colon and mesocolon to 
the pelvic brim; it is further divided into a 
smaller right infracolic and a larger left in- 
fracolic space by the obliquely oriented 
small bowel mesentery as well as the spine, 
aorta, and inferior vena cava. The left in- 
fracolic space is more anatomically con- 
tinguous with the pelvis than the right. 

3) Paracolic gutters. The right paracolic 
gutter extends from the right lateral ab- 
dominal wall to the ascending colon, while 
the left gutter extends from the descending 
colon to the left lateral abdominal wall. 
The right gutter is deeper than the left, and 
Mitchell [6] mentions that at times the 
right may have peritoneal folds across it 
hindering fluid flow (hepatorenal ligament 
superiorly, cecal fold inferiorly). The left 
gutter is more shallow than the right and 
has a fold coursing its superior aspect—the 
phrenicocolic ligament. 

Experimental work with various types of 
contrast material (barium, iodized poppy 
seed oil, methyl-glucamine diatrizoate) in- 
stilled into the peritoneal cavity has re- 
sulted in proposed methods of spread of in- 
traperitoneal fluid. The right paracolic gut- 
ter is said to act as an avenue of transport 
of fluid from the lower to upper abdominal 
cavity. Yet injection of contrast material in 
areas about the cecum has resulted in flow 
either preferentially to the pelvis and then 
up the right gutter [5] or preferentially to 





Fic. 2.—Transverse scan 6 cm above umbilicus 
illustrating fluid around liver tip. 
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Fic. 3.—Transverse scan 7 cm above umbilicus 
illustrating fluid lateral to liver. 


the right gutter with less going to the pelvis 
[4, 6]. Similarly, some have shown the left 
infracolic space to be invaded by contrast 
injection in the cecal area while others have 
not. 

Injection of contrast material into the 
right supramesocolic space has also resulted 
in disagreement as to major pathways of 
flow. One school of thought maintains that 
flow preferentially occurs over the trans- 
verse colon to the right infracolic space and 
right paracolic gutter. Some fluid may in- 
vade the left infracolic space from the right 
and then go to the pelvis. Another school 
maintains that fluid does not go over the 
transverse colon but rather flows via ne 
right gutter to the pelvis. 

In addition to flowing caudally, fluid in 
the right supramesocolic space will also seek 
the right subhepatic space. Yet whether 
flow continues from there to the right sub- 
phrenic space is not totally agreed upon. 
Differing amounts of emphasis have been 
placed on the effectiveness of the falciform 
ligament in preventing flow from the right 
to the left subphrenic space. 

Obviously, there is disagreement over 
the spread of intraperitoneal fluid. While it 
is convenient to think that fluid flow is de- 
termined only by the various peritoneal 
compartments, there are other factors to be 
considered. 

Intraperitoneal pressure has been studied 
by several investigators. Keppich (cited in 
[7]) has shown that the pressure in the up- 
per abdominal area is subatmospheric. Us- 
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Fic. 4.—a, Transverse scan 7 cm above umbilicus illustrating fluid lateral and anterior to the liver. 4, 
Longitudinal scan 12 cm to right of midline illustrating fluid around liver tip and anterior to liver. 


ing animal experimentation, Overholt [8] 
also demonstrated a lower pressure in the 
upper abdomen, the pressure in the ab- 
domen varying with respiration. Drye [9] 
emphasized the importance of position: the 
pressure in the lower abdomen of an up- 
right patient is three times as great as in 
the upper abdomen. A change in patient 
position will also cause variation in depen- 
dence of the abdominal compartments, thus 
allowing fluid to gravitate to different 
areas. 

Other important factors are: (1) the area 
from which the peritoneal fluid originates; 
(2) the rapidity with which the fluid accu- 
mulates; (3) the presence or absence of ad- 
hesions; (4) the intraperitoneal organs and 
their ligamentous attachments; (5) ana- 
tomic variation among patients; and (6) 
the amount of fluid present. 

There is also some question as to how 
accurately the experimental data reflect the 
clinical situation. For example, cadaver 
studies obliterate the effects of respiration 
and, to some extent, patient position. In 
vivo studies have not been performed with 
amounts of fluid as might be seen in ascites. 
Similarly, the density of the contrast agents 
employed to determine spread of peritoneal 
fluid (approximately 1.30 g/ml) is 27.5% 
greater than the density of ascitic fluid 
(1.01-1.03 g/ml). 


OUR EXPERIENCE 


Of 26 patients with ascites examined by 
B-mode ultrasonography, 14 had scans ap- 
propriate for evaluating the presence of 
fluid within the abdominal cavity. The pel- 
vis was not included in this study. Some of 
the 14 had multiple examinations. The 
causes of ascites included cirrhosis, chronic 
renal disease, and metastatic disease. While 
fluid in some patients was identified only 
around the inferior portion of the right lobe 
of the liver (liver tip), those with larger 





Fic. 5.—Transverse scan 12 cm above umbilicus 
illustrating massive ascites anterior and lateral to the 
liver. L=liver; SP=spleen; S=spine; K=kidney; 
F= falciform ligament; A= ascites; B= bowel. 
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Fic. 6—Transverse scan 12 cm above umbilicus (a4) and longitudinal scan 8 cm to right of midline (b) 
illustrating absence of fluid accumulation between liver (L) and kidney (K). G=gallbladder; D = diaphragm. 


amounts of fluid demonstrated further ac- 
cumulation around the liver tip as well as 
in the right flank and lateral to the liver 
(figs. 2 and 3). Those with even larger 
amounts of ascites demonstrated accumu- 
lation in all of the aforementioned locations, 
anterior to the liver and in the left flank, as 
well as throughout the remainder of the ab- 
dominal cavity (figs. 4 and 5). However, 
none demonstrated the presence of fluid 
posterior to the liver at the level where the 
liver contacts the kidney (fig. 6). This was 
true even with massive ascites (fig. 5). In 
only one patient was the location of ascites 
with respect to the spleen noted (fig. 5). 
Since it is difficult to obtain satisfactory 
splenic images in a supine patient, the rela- 
tionship of ascitic fluid to the spleen could 
not be satisfactorily determined. 

Gas-containing loops of bowel were noted 
to float, while fluid-filled bowel loops sank, 
displacing the ascitic fluid to just beneath 
the anterior abdominal wall (figs. 7 and 
8a). Gas-containing loops also changed 
position (fig. 84) on scans of the right ab- 
domen with the patient in the left lateral 
decubitus position (four of 14 cases). In 
these scans some fluid relocated against the 
left anterior abdominal wall which was de- 
pendent in this position. Perhaps this re- 
location is attributable to the “‘pliability” 
of the abdominal wall, which allows the 
fluid te collect in a more dependent posi- 
tion than would be expected with a rigid 
system. 

The evaluation of ascites using A-mode 


ultrasonography has been reported by 
Goldberg et al [10]. The lowest amount de- 
tectable in experiments with five cadavers 
was 100 ml. We have performed ultrasonic 
B-mode scanning on a cadaver after the in- 
jection of fluid into the abdomen via a 
catheter inserted just below the umbilicus. 
A gelatin mixture of average ascitic fluid 
density (1.015 g/ml) was used. Scans were 
performed in the supine position. No fluid 
pattern was recognized at 200 ml, but the 
next increment used (400 ml) did show 
fluid located around the tip of the liver. 
Further increments demonstrated fluid in 
the right flank and a small amount lateral 
to the liver at 800 ml, with increased ac- 
cumulation in these areas as well as an- 
terior to the liver at 1,600 ml (fig. 9). Fluid 
also localized at the anterior portion of the 
abdomen over fluid-filled bowel loops. 

Since a fluid similar in density to ascitic 
fluid accumulated around the liver tip 
which is located anteriorly (fig. 10) and 
since this fluid localized over bowel as well, 
it was thought that density differences 
might also play a role in the localization of 
ascitic fluid. Thus autopsy specimens of 
liver, spleen, small bowel, and transverse 
colon were obtained for density measure- 
ment. The density was calculated by divid- 
ing a known weight of the specimen in 
grams by the volume of water it displaced. 

Fifteen specimens each were obtained of 
liver, spleen, and small and large bowel. 
Table 1 lists the mean and range of density 
for each organ. The values are in close 
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Fic. 7.—Transverse scan 8 cm above umbilicus 
illustrating floating bowel loops. Note ascites (A) in 
both flanks. 


agreement with those obtained by Rao and 
Gregg [11] as well as those from another in- 
vestigation [1] in which liver density was 
measured. Histologic analyses were as fol- 
lows: liver—normal, congested, moderately 
fibrotic; spleen—normal, congested; and 
small and large bowel—normal. 

It can be seen from table 1 that all of the 
measured intraperitoneal organs had den- 
sities greater than that of ascitic fluid. Thus 
the relative densities of ascitic fluid and the 
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organs it surrounds are probably also a 
factor to be considered in distribution of 
peritoneal fluid. For example, gas-contain- 
ing small bowel loops will float since their 
weight per unit volume is less than that of 
ascitic fluid, while fluid-filled loops will not 
because the opposite is true. Similarly, in 
both cadaveric and clinical ultrasound ex- 
aminations, fluid was noted to localize an- 
teriorly in surrounding the tip of the liver. 

We also scanned a patient undergoing 
peritoneal dialysis: 2,000 ml of Dianeal 
(peritoneal dialysate fluid) were injected 
via a catheter placed 1 cm below the um- 
bilicus. Scans were performed in the supine 
position. This study was of particular in- 
terest since it was performed on a live pa- 
tient and the fluid used was of average 
ascitic fluid density (1.015 g/ml). Results 
were in accord with both our clinical and 
cadaver studies. The scans demonstrated 
fluid localization around the liver tip, lat- 
eral and anterior to the liver, and in the 
Hanks. Fluid anterior to bowel loops was 
also noted. 


DISCUSSION 


Several studies have been undertaken to 
elaborate the various abdominal compart- 
ments and the distribution of peritoneal 





Fic. 8.—a, Transverse scan 8 cm above umbilicus illustrating massive ascites with fluid (A) in both flank 
and nonfloating bowel loops (B). F=falciform ligament. 4, Transverse scan 8 cm above umbilicius with 
patient in left lateral decubitus position. Note increased accumulation of fluid in the now dependent left 


anterior abdominal compartment with stretching of falciform ligament. Also note floating bowel loops 
(arrows). 
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fluid. While disagreement exists in some 
areas, large clinical studies have shown in- 
flammatory exudates to be localized in the 
major pathways elaborated. Yet these 
pathways may not be entirely applicable to 
the localization of a less dense ascitic fluid. 
The contrast media employed have den- 
sities approximately 27% greater than that 
of ascitic fluid. Furthermore, the effects of 
respiration and, to some extent, patient 
position are eliminated in cadaver studies. 


Many factors appear to affect the spread ` 


of intraperitoneal fluid: peritoneal com- 
partments, intraperitoneal pressure, pa- 
tient position, area from which the fluid 
originates, rapidity with which fluid accu- 
mulates, the presence or absence of adhe- 
sions, ligamentous attachments, anatomic 
variations, and the amount of fluid present. 
In addition we feel the density of the fluid 
with respect to other abdominal organs is 
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Fic. 9.—Transverse scan of cadaver (1,600 ml 
fluid) 6 cm below xiphoid with fluid lateral and 


anterior to liver. 


important: liver, spleen, and small and 
large bowel have densities greater than that 
of the average ascitic fluid. Similarly, the 
pliability of the abdominal wall might also 
account for ascitic fluid localization. 
Clinical ultrasound review and cadaver 


Fic. 10.—a, Longitudinal scan 8 cm to 
right of midline illustrating anterior position 
of tip of liver (L). 4, Longitudinal cadaver 
section at approximately same level as in fig. 
roa illustrating anterior position of liver. c; 
Longitudinal cadaver section further later- 
ally illustrating anterior position of liver tip. 
K=kidney; D=diaphragm; G= gallbladder. 
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TABLE 1 
Orcan DENSITIES 
Density (g/ml) 
ORGAN Mean Range 

LE er ee eee sse 1,006 1.052-1.082 
1 E 1.066 I.058-1.081 
Small bowel........... 1.054 I .030-1.072 
Large bowel........... 1.051 I .030-1.077 


experimentation have shown anterior lo- 
calization of fluid. Scanning at the time of 
peritoneal dialysis with a Huid in the den- 
sity range of ascitic fluid has demonstrated 
similar findings. While it was hoped that 
this anterior localization might have re- 
sulted in plain film recognition of ascites 
with lesser amounts than are presently ne- 
cessary for its recognition, this did not 
prove to be the case. However, it seems 
worthwhile to keep in mind this localiza- 
tion when performing ultrasonic evaluation 
to detect the presence of ascites. Further 
investigation in this regard is planned as 
well as further work with ultrasonic moni- 
toring of peritoneal dialysis. 
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GLUCAGON AND BARIUM ENEMA EXAMINATIONS: 
A CONTROLLED CLINICAL TRIAL 


Rocer K.'Harnepb,! Carou B. STELLING, Susan WILLIAMS, AND GERALD L. Wo tr? 


ABSTRACT: 


In a double-blind crossover clinical trial, 10 healthy volunteers received placebo 
and 2 mg glucagon intramuscularly preceding barium enema examination on 
separate days. In addition, 50 patients were given either placebo or 2 mg glucagon 
prior to barium enema examination in a double-blind study. The results of 38 vari- 
ables determined on each study population were similar. When glucagon was given, 
beth the patients and examiners noted significantly less discomfort and more bowel 
relaxation. There were no significant changes in pulse, blood pressure, or electro- 
cardiogram. Adverse reactions did not occur frequently enough to allow confident 
comparison of placebo and glucagon. It is concluded that the use of glucagon can 
provide a more comfortable barium examination with acceptable safety. 


INTRODUCTION 


The relaxed colon allows for a more com- 
fortable barium examination of better diag- 
nostic quality. For some time the anti- 
cholinergics were the drugs of choice for 
reducing smooth muscle spasm [1, 2]. How- 
ever, these agents have been associated 
with adverse effects that may limit routine 
use [3]. Recently, glucagon has been advo- 
cated as a safer pharmacologic adjunct to 
barium studies of the duodenum [4, 5] and 
colon [5-7]. The pharmacologic effects of 
glucagon are not limited to the enteric 
tract, and present drug regulations require 
rigid evidence of both safety and efficacy. 
This study was performed on both volun- 
teers and patients to provide such informa- 
tion, using established techniques for con- 
trolled clinical trials. 


SUBJECTS AND METHODS 
Normal Subjects 


Ten healthy adult men participated in the 
study after informed consent was obtained and 
documented in writing. A short history and 
physical examination was performed with spe- 
cial care to detect cardiovascular or endocrine 
abnormalities. Subjects received 2} oz of X-prep 
(Gray Pharmaceutical) on the evenings before 


examination and were examined the following 
morning in the fasting state. Either 2 mg 
glucagon or placebo (diluting solution for 
glucagon) was administered intramuscularly 
1o min prior to barium enema. Neither subjects 
nor investigators were aware of the content of 
the injectate. The barium study was then per- 
formed using standard procedures, except that 
barium amounts and times were recorded to 
provide the parameters listed in table 1. A 
gonadal shield was used in all cases. Films were 
obtained during the examination, postevacu- 
ation, and 1 hr later. The pulse and blood 
pressure were recorded before and on comple- 
tion of the examination. On completion of the 
exam, the subject and the radiologist inde- 
pendently completed a standard question sheet 
concerning the ease of the exam and any side 
effects. The following morning each subject 
reported the type and severity of any side 
effects that occurred in the interval. 

The subjects returned 7-10 days later for a 
second identical experience with intramuscular 
injection of the other agent—either glucagon 
or placebo. Thus the study was designed in a 
randomized, double-blind, crossover manner. 


Patients 


Fifty adult men or women scheduled for 
regular barium examination consented to par- 
ticipate in a similar study without the cross- 


1 All authors: Department of Radiology, University of Nebraska Medical Center, Omaha, Nebraska 68105. 
? Recipient of U.S. Public Health Service research career development award no. I KO4 GM 70683-03 from the National Institute 


of General Medical Sciences. 
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TABLE 1 


VARIABLES MEASURED IN Eacu Stupy Group 








Subject’s Report 


Radiologist’s Report 


Cardiovascular Measurements 





Discomfort at cecum 

Discomfort at end of 
examination 

Urge to defecate 

Symptoms of adverse effect 

Preference (crossover only) 


ileum: 
Following filling 


1 hr postevacuation 


Height of barium column 
Time to reach ileocecal valve 
Time to fill small bowel 


Width of sigmoid, middescending, trans- 
verse, and midascending colon, cecum, 
and terminal ileum; length of terminal 


Immediately postevacuation 


Pulse and blood pressure: 
Before drug 
At completion of study 
Electrocardiogram (patients 
only): 
Before drug 
During examination 
Immediately postevacuation 
During unusual periods de- 
tected by continuous moni- 


Number and severity of contractions on tor 


filled colon films 


Loss of barium on table 


Subjective estimate of colon and small in- 


testine tonicity 
Filled colon 


Immediately postevacuation 


I hr postevacuation 


Preference (crossover only) 


een 


over feature. Since the study population was 
composed of patients, the monitored parame- 
ters were expanded to include a single-lead 
electrocardiogram. The ECG was recorded prior 
to drug administration, when the barium 
enema was started, at the end of examination, 
and immediately after evacuation. In addition, 
an audio signal (Health Tech) was continu- 
ously monitored throughout the exam, and any 
unusual cardiac rhythm detected was recorded. 
The use of auditory monitoring allowed the 
radiologist to concentrate his visual attention 
on the fluoroscopic aspects of the study. 


Data Analysis 


Variables of a continuous nature were evalu- 
ated with paired ż tests. The variables included 
all measurements. For all questions concerning 
efficacy, one-tailed ¢ tests were used. For 
cardiovascular parameters where changes in 
either direction could be important, two-tailed 
tests were used. Subjective variables were 
ranked from o to 4, where o=none and 4= 
severe. The statistical significance of differences 
in scores between placebo and control groups 
was determined using a simple unidirectional 
binomial test [8]. 


RESULTS AND DISCUSSION 


One of the first concerns in a controlled 
clinical trial is whether the populations 


studied with active drug or placebo differed 
even though the assignment was thought to 
be random. On completion of the study, no 
significant differences were found in sex, 
age, weight, height, pulse, or blood pressure 
between the two groups of patients. Of 
course the crossover design for the volun- 
teers eliminates this risk (at the cost of a 
second examination for each subject). The 
results of virtually all parameters were re- 
assuringly similar in both patients and 
volunteers. 

The subjective results from both subjects 
and radiologists are easiest to interpret. 
Both clearly preferred glucagon over pla- 
cebo (tables 2 and 3). The objective mea- 


TABLE 2 


SIGNIFICANT DIFFERENCES IN SUBJECT RES PONSES 











Subjects Placebo Glucagon P 
Volunteers: 
Discomfort....... 1.7 0.8 < 05 
Preference....... 1.2 1.9 <.05 
Patients: 
Discomfort... .... i3 0.3 <.001 





Note.—Discomfort score: o= none, 1=mild, 2= moderate, 
3= moderately severe, 4= severe. Preference score: 1= least pre- 
ferred, 2= most preferred. Values shown are mean scores. 
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Fic. 1.—Postevacuation studies in same patient. 4, Most of colon in contracted state with minimal filling 
of terminal ileum. B, More relaxation of colon with increased filling of terminal ileum. Closed arrows= 
terminal ileum; open arrows=lead shielding of genitalia. 


surements were less strikingly different. 
Despite the profusion of indices measured 
(table 1), only a few were significantly dif- 
ferent. Of course, the subjective estimates 
concern the whole exam whereas the objec- 
tive measurements individually assess only 
small parts of the total response to gluca- 
gon. However, there were subtle differences 


TABLE 3 


SIGNIFICANT DIFFERENCES IN 
RADIOLOGIST RESPONSES 











Subjects Placebo Glucagon P 
Volunteers: 
Preference*....... O 6 <.05 
Patients: 
Overall score..... A i 3.88 <.O! 
Number of spasms 0.56 0.12 E 
Severity of spasms 0.60 0.20 <.05 
Ease of filling 
st) a 3.38 4.52 < ol 
Bowel relaxation, 
BO ck eva cikus 2.38 2.92 < 6 


Nore.—See table 2 for explanation of scores. 
* Four had no preference. 


in the appearance of the glucagon-treated 
colon that were easily detectable by the 
radiologist after some experience (see fig. 1). 

Adverse side effects were assessed, with 
special attention to the cardiovascular sys- 
tem. Table 4 lists the symptoms and signs 
reported by the subjects. Although there 
were clearly more events with glucagon, 
the difference does not achieve statistical 
significance. Pulse and blood pressure were 





TABLE 4 
ADVERSE Errects REPORTED 
PLACEBO GLUCAGON 
No. Total No. Total 
SYMPTOM Reports Score* Reports Score* 
Nausea......... I I 8 II 
Vomiting....... ages pi% 3 4 
Dizziness....... 2 2 T sea 
Headache....... 2 2 2 2 
Abdominal distress ... PE I 2 
i. ish eu anes 5 5 14 19 


* Score: o= none, I= mild, 2= moderate, 3= moderately se- 
vere, 4= severe. 
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TABLE ç 


CARDIOVASCULAR MEASUREMENTS BEFORE 
AND AFTER TEstT DRUG 








PLACEBO GLUCAGON 
MEASUREMENT Before After Before After 
Pulse: 
Volunteers.... 72.6 67.2 72% 67,6 
Patients...... 78.8 73.8 84.6 78.0 
Blood Pressure: 
Volunteers: 
Systolic..... 122.4 123.2 120.4 122.0 
Diastolic.... 81.0 82.4 79.6 80.0 
Patients: 
Systolic..... 28.2 197.1 123.3 122.3 
Diastolic.... 75.8 96.9 35.6 


77.8 


Nore.—Electrocardiographic changes occurred in three pa- 
tients in the placebo group and one in the glucagon group. See 
text. 


not meaningfully altered by glucagon (table 
5). ECG changes occurred in only four of 
the patients. One patient receiving glucagon 
had an ectopic atrial contraction before the 
drug was administered. The other three 
events occurred in the placebo group and 
were premature ventricular contractions. 
On two occasions the arrhythmia was ob- 
served during the barium enema, and the 
other occurred prior to administering pla- 
cebo. The stress of barium enema examina- 
tion alone can be associated with electro- 
cardiographic changes [9]. Apparently the 
effects of glucagon on the heart did not en- 
hance the tendency to arrhythmia. In fact, 
recent papers suggest that glucagon may 
decrease reentrant types of cardiac ar- 
rhythmias [10, 11]. Our results suggest that 
there is no reason for undue alarm about 
the induction of serious cardiac irregu- 
larities and, in fact, the more comfortable 
exam with glucagon may even diminish the 
risk, 

The results of this study indicate that 
after glucagon is given, as compared with 
placebo, there is definite relaxation of the 
colon with few serious side effects. Our data 
confirm previous controlled clinical trials 
of glucagon in normal volunteers [4] and in 
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patients [6, 7]. The use of glucagon in 
barium enema examinations is both safe 
and efficacious providing the contraindica- 
tions of either are considered. We have no 
experience on the use of glucagon in the 
presence of such diseases as granulomatous 
or ulcerative colitis. However, further in- 
vestigations may better delineate the con- 
tribution of glucagon in providing barium 
examinations that are more comfortable 
and of better diagnostic quality. 
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SPONTANEOUS INTERNAL DRAINAGE OF 
PANCREATIC PSEUDOCYSTS 


J. LUTHER CLEMENTS, Jr.,! E. L. Brap ey, III,? ann S. Boyp Eaton, Jr.! 


ABSTRACT: 


Six cases are reported in which spontaneous internal drainage between a pan- 
creatic pseudocyst and the alimentary tract became established. In each instance 
the communication was demonstrated radiologically. The clinical circumstances 
and radiographic features of these cases are described, and the existing literature 
pertaining to this phenomenon is reviewed. 


Pseudocysts of the pancreas are collections 
of old bleod, pancreatic juice, fat, and par- 
tially digested tissue debris which arise in 
the vicinity of the pancreas as a conse- 
quence of pancreatic inflammation. Such a 
collection is initiated by inflammatory dis- 
ruption of pancreatic tissue with resulting 
emission of digestive enzymes and blood 
into the peripancreatic region, most often 
the lesser omental sac. The enzymatic and 
inflammatory action of this material evokes 
a reactive fibrosis in adjacent tissues. This 
results in formation of fibrous walls which 
enclose the fluid collection. 

Many aspects of the natural history of 
pancreatic pseudocysts are incompletely 
understood. One phenomenon which has 
received sporadic attention in previous re- 
ports is spontaneous decompression via 
rupture of a cyst into an adjacent hollow 
viscus. Solitary examples of such naturally 
occurring internal drainage have been de- 
scribed in several previous publications. It 
is the purpose of this communication to 
report six additional cases—all documented 
by roentgen demonstration of fistulous 
communication between the cyst and the 
gastrointestinal tract. 


CLINICAL MATERIAL 
Representative Case Report 
B. W., a 28-year-old black alcoholic, had had 


several previous chemically documented at- 


tacks of acute pancreatitis. He was admitted 
because of severe epigastric pain with radiation 
to the back, a sense of abdominal fullness, 
nausea, vomiting, and anorexia. Physical 
examination revealed epigastric tenderness and 
decreased bowel sounds. Laboratory studies 
showed glycosuria, hyperglycemia, and marked 
hyperamylasemia. Initially the symptoms re- 
mitted and serum amylase values fell, but after 
a few relatively symptom-free days, the epi- 
gastric pain recurred, serum amylase values 
rose, and a large epigastric mass became pal- 
pable. An ultrasonic abdominal examination 
performed at this time (fig. 14) demonstrated 
a large left upper quadrant cystic mass. Two 
days later the patient developed mild he- 
matemesis, and an upper gastrointestinal 
barium examination revealed communication 
between the stomach and an irregular cystic 
space (fig. 1B). During the next 2 days the 
epigastric mass disappeared, and 3 days after 
the barium study a repeat ultrasonic examina- 
tion confirmed complete resolution of the mass 


(fig. 1C). 


Series Analysis 


The six patients in this series ranged from 28 
to 64 years of age, and all were alcoholic males 
(table 1, figs. 1-6). Two had no prior diagnosis 
of pancreatitis, but episodes of documented 
pancreatitis had occurred in the others inter- 
mittently for from 2 to 17 years. In three pa- 
tients the pseudocyst had not been suspected 
before the barium examination which also 
demonstrated communication between the 
cavity and the alimentary tract. In the other 


Presented at the annual meeting of the American Roentgen Ray Society, Atlanta, Georgia, October 1975. 
1 Department of Radiology, Emory University School of Medicine and Grady Memorial Hospital, 80 Butler Street S.E., Atlanta, 


Georgia 30303. 


2 Department of Surgery, Emory University School of Medicine and Grady Memorial Hospital, 80 Butler Street S.E., Atlanta, 


Georgia 30303. 
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Fic. 1.—Patient B. W. 4, Transverse 
ultrasonic B-mode scan made 6 cm below 
xiphoid revealing large pancreatic pseudo- 
cyst (c). B, Upper gastrointestinal barium 
examination showing fistulous tract (arrow) 
between stomach and air-filled cyst lumen 
(double arrows). C, Transverse ultrasonic B- 
mode scan made 3 days after barium exami- 
nation showing marked decrease in size of 























pseudocyst. 
TABLE 1 
CLINICAL FEATURES 
Days between 
Prior Detection of Effect of 
History of Cyst and Drainage, 
Age Alcohol- Pancreatitis Spontaneous Organ on Immediate Figure 
Patient (Yr) Sex ism (Yrs) Drainage Involved Course Subsequent Course No. 
a a cine opie ghee a 
Bi Weis cvicas 38 M + 2 2 Stomach Rapid im- One subsequent episode of ı 
provement pancreatitis 
E Ea ee eee 61 M + O 5 Duodenum Gradual im- Recent case; short follow- 2 
provement up 
SS ae 64 M + Oo 26 Left colon Continued Died 36 days after drain- 3 
downhill age detected 
ER- Bac es 36 M + Several Same Duodenum No effect Continued intermittant 4 
pancreatitis; recurrent 
pseudocyst 8 mo later 
| ee 48 M + 17 Same Esophagus Rapid im- Remained well for 18 mo; 5 
provement then died secondary to 
massive GI bleeding 
CO Moriscos 30 M 4- Several Same Duodenum Gradual im- Lost to follow-up 


provement 
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Fic. 2.—Patient E. R. 4 and B, Barium upper gastrointestinal examination showing communication 
between duodenum and irregular pseudocyst cavity. C, Transverse ultrasonic B-mode scan made 10 cm below 
xiphoid revealing small pancreatic pseudocyst (c). D, Barium upper gastrointestinal examination made 19 


days later showing that fistula has closed. 


three a mass was palpable from 2 to 26 days 
before demonstration of internal drainage. The 
clinical effect of spontaneous internal decom- 
pression was quite variable and ranged from 
rapid improvement, through no apparent 
change, to continued downhill progression and 
death. In the three cases where long-term fol- 
low-up is available, alcoholism, cirrhosis, and/or 
recurrent pancreatic inflammation continued in 
all. There were three cases of internal communi- 
cation between the pseudocyst and the duode- 
num. Solitary instances of communication 
between the pseudocyst and the esophagus, 
stomach, and colon occurred. 


DISCUSSION 


The natural history of pancreatic pseudo- 
cysts is incompletely understood: why some 
cyst walls rupture and others do not is un- 
clear. The delimiting “wall” of an expand- 
ing pseudocyst is comprised of those struc- 
tures (such as the posterior wall of the 
stomach, the transverse mesocolon, etc.) 
adjacent to the inflammatory collection. 
These components become thickened as 1n- 
flammatory organization and fibrosis con- 
tinue. Pseudocyst rupture apparently re- 
sults from tryptic digestion of the wall. In 


. 
z 


Fic. 3.—Fistulogram made into pseudocyst 
cavity (c) of patient G. H. Y. demonstrating spon- 
taneous communication with splenic flexure of colon. 


those cases where erosion into an adjacent 
hollow viscus occurs, digestion of the vis- 
ceral wall and pressure necrosis produced 
by the expanding cyst are additional 
pathophysiologic factors. 

It has been estimated that rupture occurs 
in something less than 5% of all cases of 
pancreatic pseudocyst [1]. About half such 
ruptures empty into the peritoneal cavity. 
This complication is of extreme severity; in 
the past more than 70% mortality has re- 
sulted [2]. If the diagnosis can be made 
promptly, however, vigorous operative 
treatment can save most of these patients 
[3]. In contrast to the dire potential conse- 





CLEMENTS ET AL, 


quences of free peritoneal rupture, erosion 
of a pseudocyst into the gastrointestinal 
tract is often beneficial: temporary or even 
permanent remission may result (table f}, 
Nevertheless, mortality from this ‘“‘com- 
plication” is high (about 50%) [1] because 
many instances are associated with gastro- 
intestinal hemorrhage [4] (as occurred in 
patients G. H. Y., E. R., and B. W.) and 
because infection (with conversion of the 
pseudocyst into an abscess) usually attends 
spontaneous drainage into the colon [5]. 
(This exact sequence was observed in pa- 
tient G. H. Y.) 

Radke and Bell [6] have described the 
entity of gastric intramural pseudocyst 
documented surgically. They believed that 
it was certainly possible that a pancreatico- 
gastric fistula might have developed with- 
out surgical intervention. We believe that 
case C. M. (fig. 6) represents intramural 
dissection of the pseudocyst into the duo- 
denal wall followed by rupture into the 
duodenal lumen. 

While documentation has in some in- 
stances been incomplete, an analysis of the 
literature [1-5, 7-13] reveals 61 previously 
reported cases in which spontaneous com- 
munication between a pseudocyst and the 
gastrointestinal tract developed (table 2). 
On at least one occasion communication 
between a pseudocyst and the stomach has 
been observed and photographed gastro- 
scopically (fig. 7). Rupture into the colon 
was most frequent (27 cases), while duode- 
nal (16) and gastric (12) communications 


TABLE 2 


SPONTANEOUS INTERNAL DRAINAGE 
OF PANCREATIC PsEUDOCYSTS 





No. Cases Present 
Organ Involved Reported* Series Total 
Esophagus...... Sach I I 
Stomach........ 12 I 13 
Duodenum...... 16 3 19 
E Ia o PRA E 27 I 28 


Unspecified...... 6 OE 6 


* Data from [1-5, 7-13]. 
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Fic. 4.—Patient E. R. F. 4, Barium upper gastrointestinal examination showing filling of pseudocyst 
cavity (c) from third portion of duodenum. B, Operative pancreatogram 8 months after barium examination 
demonstrating recurrent pseudocyst. 





Fic. s—A and B, Upper gastrointestinal barium examination demonstrating fistulous communication 
(arrow) between lower esophagus and mediastinal pseudocyst (c). 
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Fic. 6.—Patient C. M. 4 and B, 
Ultrasonic B-mode scans demonstrating 
small pancreatic pseudocyst (c). C, Bar- 
ium upper gastrointestinal examination 
performed 2 days prior to ultrasonic scan 
demonstrating pseudocyst cavity (c) 
lying lateral to descending duodenum. 
Both proximal and distal portions of 
pseudocyst communicated with duode- 
nal lumen (arrows). 


were reported less commonly. To our 
knowledge communication between a pan- 
creatic pseudocyst and the esophagus has 
never previously been described. 

Since these six cases were observed over 
a relatively brief period in a single institu- 
tion, it seems likely that the actual inci- 
dence of this phenomenon may be higher 
than has previously been recognized. Per- 





<< 


FıG. 7.—Gastroscopic view into pancreatic pseu- 
docyst which spontaneously communicated with 
stomach. (Courtesy of N. J. Greenberger, University 
of Kansas Medical Center) 
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haps the increasingly widespread applica- 
tion of ultrasonography in patients with 
pancreatic pseudocysts will provide docu- 
mentation for this supposition. 
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LUMBAR EPIDURAL VENOGRAPHY IN THE 
DIAGNOSIS OF DISC HERNIATIONS 


RAZIEL GERSHATER! AND RicuaRD C. HOLGATE? 


ABSTRACT: 


Epidural venography is a relatively simple and highly accurate method of diag- 
nosing disc herniations in the lumbar region. Good opacification of the epidural 
venous plexus can be obtained by selective catheterization of ascending lumbar 
and/or internal iliac veins. Experience with 227 cases is described. The examination 
appears to be at least as accurate as myelography at the L4-Ls level and more 
reliable than myelography in cases of lateral disc herniations at Ls5-S1. Epidural 
venography is recommended as the examination of choice in patients with suspected 


lumbar disc herniation. 


INTRODUCTION 


The clinical and radiological diagnosis of 
lumbar disc herniation depends upon the 
demonstration of nerve root compression. 
The radiological approach of opacifying 
the subarachnoid space with oily and, 
more recently, water-soluble contrast 
agents, is usually diagnostic. There re- 
mains a group of patients with strong 
clinical evidence of disc herniation and 
“negative” myelography. In such patients, 
the nerve root is presumably compressed 
after it leaves the subarachnoid space, and 
other methods of investigation must be 
undertaken. Discography, nerve root injec- 
tions, and epidurography are, in part, at- 
tempts to solve this problem. Epidural 
venography is a relatively new method of 
clarifying problematic lumbar disc herni- 
ations. 


RADIOLOGIC ANATOMY 


It has become increasingly evident to 
angiographers that venous anatomy is 
much more constant than heretofore ap- 
preciated. The rationale of epidural venog- 
raphy is founded on the knowledge that the 
anterior internal vertebral veins bear a 
constant relationship to the vertebral bod- 
ies and hence the intervertebral discs 
(fig. 1). The venous drainage of the axial 





skeleton and its musculature is via a seg- 
mental vertebral and paravertebral lattice- 
work of veins. Simply viewed, there are 
four vertical channels with segmental con- 
nections. Two of these channels run in the 
paravertebral gutters, and two (the anterior 
internal vertebral veins) run within the 
spinal canal. 





ait 


Fic. 1.—Diagram (axial view) showing 
intimate relationship of anterior internal 
vertebral veins (aivv) to backs of vertebrae. 
Four vertical channels are seen end-on as 
white dots. aly=ascending lumbar vein; 
spv =suprapedicular communicating vein; 
Isv=lumbar segmental vein; IVC = inferior 
vena cava. 


! Department of Radiology, North York General Hospital, 4001 Leslie Street, Willowdale, Ontario, Canada M2K 1E1. 
? Department of Radiological Sciences, Mount Sinai Hospital, University of Torontg, Toronto, Ontario. 


992 


EPIDURAL VENOGRAPHY 993 





de w y ~T E ae Ee < $ 
\ dey A a" Via ; | ee Š D- 5 a fh : ES m d 
Fic. 2.—Diagrammatic (4) and angiographic (B) demonstration of epidural venus plexus. Inserts in fig 
2A show common variations. alv = ascending lumbar vein; aivv = anterior internal vertebral vein; spv = supra- 
pedicular vein; ipv =infrapedicular vein. 


~— 





Fic. 4.—Catheters. 4, Standard shape with 13 cm 
\ : curved tip for catheterization of ascending lumbar 
| P Fi vein or internal iliac vein. B and C, Types which may 


i i , be necessary for catheterization of ipsilateral or con- 
Fic. 3.—Diagram showing prevertebral abdominal  tralateral internal iliac veins, respectively. 


veins (white) and paravertebral and epidural veins 
(black). ivc=inferior vena cava; eiv=external iliac 
vein; iiv=internal iliac vein; civ=common iliac 
vein; lsv=lumbar segmental vein. 
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Fic. 5.—L4-Ls disc herniation on left. 4, Injection of left ascending lumbar vein (ALV) showing reflux 
of most of contrast material into iliac veins (iiv and eiv) and inferior vena cava. B, Injection of right ascending 
lumbar vein clearly demonstrating occlusion of left anterior internal vertebral vein at L4-Ls (#). In this case, 
left internal iliac vein injection would probably have provided same information. 


Epidural Veins 

The anterior internal vertebral veins hug 
the backs of the vertebral bodies and discs. 
They are just medial to the pedicles and 
exhibit a tendency to bulge laterally be- 
tween vertebrae. Lateral intervertebral 
branches connect them to the paraverte- 
bral channels above and below each pedicle. 
These branches have been variously named 
but are perhaps best referred to as supra- 
pedicular and infrapedicular communi- 
cating veins. Cross-connections between 
the anterior internal vertebral veins as 
they course between the pedicles complete 
this simplified version of the lattice (figs. 
24 and 28). 


The system of veins within the vertebral 
canal, the internal vertebral venous plexus, 
maintains the form described above but is 
slightly more complex. Venous blood from 
the vertebral bodies drains into the cross- 
connections between the anterior internal 
vertebral veins. The drainage of the less 
voluminous posterior elements is via a 
correspondingly smaller chain of longitudi- 
nal veins—the posterior internal vertebral 
veins. The anterior and posterior chains 
connect around the dural sac producing an 
envelope of veins that separates the dura 
and its contents from their osseous and 
fibrocartilaginous container. The posterior 
veins are not always filled or identified 


A 





Fic. 6.—Normal case. 4, Left ascending lumbar vein injection. Catheter tip (*) at L4-Ls level showing 
normal epidural veins from L3-L4 upward. No conclusions can be drawn about lower levels because of in- 
adequate filling with contrast material. B, Catheter withdrawn slightly with tip (*) placed into suprapedicular 
vein at L4-L¢. Injection of contrast there shows lower levels to be within normal limits. 





Fic. 7.—Diagrammatic representation of disc 
herniation. Anterior internal vertebral vein dis- 
placed directly backward. Depending on location of 
bulge, it is easy to visualize medial or lateral dis- 
placement. The most common and reliable angio- 
graphic finding is nonfilling due to compression. 





Fic. 8.—L4-Ls disc herniation; right ascending 
lumbar vein injection. Lateral deviation of anterior 
internal vertebral veins is demonstrated bilaterally 
at L4—L5 (open circles). 
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Fic. 9.—Left L4-Ls disc herniation; right ascending lumbar vein injection. 4, AP view showing obstruc- 
tion of left anterior internal vertebral vein (arrow) and suprapedicular vein (#). Note that all epidural vessels 
near obstructed veins are well opacified. B, Lateral view showing venous displacement at L4—Ls (arrow). 
Veins at Ls5—S1 level were shown to be normal on injection of internal iliac vein. 


during transfemoral venography. 


Paravertebral Chain 


The longitudinal paravertebral venous 
channels change their names as they course 
from clivus to coccyx (e.g., vertebral veins 
in the neck, azygous and hemiazygous veins 
in the chest, ascending lumbar veins in the 
abdomen, and internal iliac veins in the 
pelvis). The paravertebral system com- 
municates with the caval system in multi- 
ple locations. The vertebral veins that run 
with the vertebral arteries join the sub- 
clavian veins just medial to the internal 
jugular veins. The azygous and hemiazy- 
gous veins join the superior vena cava 
above the right atrium. The ascending 


lumbar veins, abdominal analogues of the 
azygous system, connect to the common 
iliac veins just as they cross the ala of the 
sacrum. In addition, the ascending lumbar 
veins connect directly to the inferior vena 
cava by means of segmental veins which 
course around the vertebral bodies (figs. 1 
and 3). These paravertebral-caval connec- 
tions allow for ready access via catheters 
to the epidural venous system. 


Variations 


For the most part venous anatomy shows 
variation in number and size rather than 
presence and absence. The ascending lum- 
bar veins may be rudimentary and difficult 
to catheterize (see later). The individual 
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veins of the internal plexus and the com- 
municating peripedicular veins may be 
represented by single or multiple channels, 
a multitude of fine veins, or a broad flat 
sheath. In any one patient there is side-to- 
side symmetry and level-to-level similarity. 


METHOD 


The lumbar epidural venous plexus can 
be opacified by catheterization and injec- 
tion of contrast material into the ascending 
lumbar or internal iliac veins. Usually the 
examination is begun on the symptomatic 
side, but this is not crucial since there are 
no valves in the epidural veins and there- 
fore good cross-filling generally occurs. 
The transfemoral approach is used. 

A 35-cm no. § French end-hole poly- 
ethylene catheter and a straight 0.038-inch 
diameter guidewire are used. An injection 
30-40 cm? of Renographin 76 or 60 
(Squibb) is made into either the ascending 
lumbar or internal iliac vein at a flow rate 
of 5 cm*/sec. The denser contrast agent is 
preferred, but it does cause the patient low 
back pain for about 20 sec. Injection of the 
less concentrated agent is relatively pain- 
less. Eight films are taken over a 12 sec 
period, preferably with 2:1 direct serial 
magnification. To decrease reflux into the 
common iliac veins and inferior vena cava, 
external abdominal compression and the 
Valsalva maneuver are used. 

The frontal projection contains most of 
the diagnostic information. Oblique views 
are rarely of any value. Lateral films can 
sometimes be useful, particularly in cases 
of suspected spinal stenosis. 

The catheter shapes are shown in figure 
4. Catheter A is advanced ‘into the ipsi- 
lateral ascending lumbar vein that arises 
from the superior margin of the common 
iliac vein, very close to the sacrovertebral 
angle (fig. 5). Frequently, after the guide- 
wire has been inserted into the common 
femoral vein, some resistance is felt as it is 
being advanced towards the inferior vena 
cava because it has spontaneously entered 
the ascending lumbar vein. Usually the 
catheter cannot be advanced more than 
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Fic. 10.—Left Ls—S1 disc herniation; left ascend- 
ing lumbar vein injection. Left anterior internal 
vertebral vein is obstructed at Ls—S1 (#). Note that 
all veins about obstructed vein are well opacified. 


1-3 cm into the ascending lumbar vein. 
If the epidural venous plexus is well 
opacified on the first ascending lumbar 
vein injection, the examination is termi- 
nated. If there is an unfilled vein, usually an 
anterior internal vertebral vein, it must be 
determined whether contrast material has 
been adequately presented to that vein. 
In other words, all the epidural veins 
proximal and distal to the unfilled vein 
must be well opacified. If this prerequisite 
is not satisfied, further contrast injections 
are necessary (fig. 6). This occurs most 
frequently at the Ls5—S1 level, where cross- 
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Fic. 11.—L4-Ls central disc herniation. 4, Myelogram. B, Venogram (left ascending lumbar vein injec- 
tion) showing obstruction of all epidural veins at L4-L5 (#). Enlarged connecting veins have opened up be- 
tween epidural plexus and extravertebral veins. An internal iliac vein injection was necessary to show that 


Ls-S1 level was normal. 


filling of the anterior internal vertebral 
veins is not as reliable as at the higher 
levels. The ipsilateral internal iliac vein 
should then be catheterized (fig. 5). Usually 
the original catheter can be used for this 
second vessel, but it is sometimes necessary 
. to switch to another shape (fig. 4, B). 

In the unusual event that opacification 
is still unsatisfactory, the contralateral 
internal iliac vein should be catheterized, 
again with the original catheter, or, if 
necessary, after changing to another (fig. 
4, C). After the catheter has been passed 
over to the opposite common iliac vein, it 
tends to naturally enter the internal iliac 
vein as it is advanced. Often it is possible 
to manipulate the catheter tip medially 
from the internal iliac vein into one of the 
sacral segmental veins. Injection of these 
leads to particularly good opacification of 
the epidural plexus. 


Assuming the examination goes smoothly 
and only one or two film series are required, 
the entire procedure takes only about 20 
min. Even if multiple injections are needed, 
the examination can be completed in about 
45 min. Most of our venograms are done 
on an outpatient basis, which is a distinct 
advantage over myelography. The pa- 
tients accept the procedure very well, and 
for many of them it is less traumatic emo- 
tionally than having a myelogram. 


Complications 


The potential complications of epidural 
venography are the same as for any femoral 
vein catheterization and intravenous injec- 
tion of iodinated contrast material. In 
227 cases, only one minor complication 
occurred—some haemorrhage into the soft 
tissues around the puncture site in the 
groin. 
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Fic. 12.—L4-Ls disc herniation. 4, Left 
ascending lumbar vein injection showing 
normal epidural venous plexus above L4. 
L4-Ls disc herniation may be present, but 
vessels about that region have not been 
adequately opacified. Vein (arrow) crossing 
pedicle is not an epidural vessel. B, Left 
internal iliac vein injection showing normal 
veins at Ls—S1 but obstruction at L4-Ls. 
C, Right internal iliac vein injection con- 
firming normal appearance of Ls—S1 level 
and occluded anterior internal vertebral 
vein (arrow) at L4-Ls. 


FINDINGS 


The venographic signs of lumbar disc 
herniation are produced when the herni- 
ating disc gradually compresses, thins, 
displaces, and finally obstructs the adja- 
cent veins. This is particularly true of the 
anterior internal vertebral veins which lie 
immediately adjacent to the intervertebral 
discs. The positive findings have been well 
described by Gargano et al. [2]. Briefly, the 
two most important signs are: 





1. Abnormal curvature of an anterior 
internal vertebral vein (figs. 7 and 8). The 
vein is usually bowed laterally on the 
anteroposterior view of the venogram, 
being displaced posterolaterally by the 
herniated disc. However, the direction of 
the displacement varies and may be medial, 
depending upon the direction of the disc 
herniation. 

2. Unilateral or bilateral occlusion of the 
anterior internal vertebral vein as it 
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Fic. 13.—Ls-S1 disc herniation. 4, Normal myelogram. B, Venogram (right ascending lumbar vein in- 
jection) showing blocked epidural veins at Ls—S1 (arrow). Internal iliac vein injection produced similar 
picture. Lateral disc herniations at Ls—S1 can be particularly difficult to demonstrate with myelography [1] 
and, at this level, epidural venography appears to be the more reliable investigation. We have examined a 
number of such cases. 


crosses the disc interspace (figs. 5, and 9- 
14). Suprapedicular vein occlusion often 
occurs as well but is a secondary feature 
and taken alone, is of questionable signifi- 
cance. Sometimes complete block of both 
anterior internal vertebral veins will pre- 
vent filling of the epidural plexus above the 
level of the herniation (fig. 11). Note that 
if a vein crosses a pedicle on the AP view, 
it cannot be an epidural vein (fig. 12). 
Supplementary findings are localized 
dilatation of epidural and extravertebral 
veins and opening of collateral channels 
around the obstructed veins (fig. 11). 
The pattern of the epidural venous plexus 
varies considerably among patients, but in 


each individual it is remarkably symmetri- 
cal on the two sides; any localized asym- 
metry should raise suspicion of an abnor- 
mality. It should be emphasized again that 
a vein should not be judged occluded unless 
all the veins about the unopacified segment 
are well filled with contrast material (fig. 6). 
In patients who have had discotomies or 
laminectomies, the epidural veins are usu- 
ally occluded at the levels of the previous 
surgery. In one case of an L4-S1 spinal 
fusion, many small epidural veins had de- 
veloped all along the fusion. 

Several examples of epidural venograms 
(figs. 5, 6, and 8-14) are presented to illus- 
trate the significant diagnostic features and 
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Fic. 14.—Left Ls5—S1 disc herniation. 4, Myelogram showing anterior defect at L4—Ls and possible flatten- 
ing of contrast column at Ls-S1 on lateral view. B, Venogram (right ascending lumbar vein injection) showing 
incomplete filling of left anterior internal vertebral vein at Ls5—S1 (*); L4—Ls5 level appears normal. At sur- 
gery, a left disc herniation was found at Ls—S1 and osteophytes with normal disc at L4—-Ls. 


to show the sequence of injections used. All 
positive examples have been confirmed at 
surgery. 


DISCUSSION 


We have so far studied 227 patients. 
Complications such as contrast reactions, 
pulmonary emboli and thrombophlebitis, 
although considered inevitable, have not 
yet occurred. A statistical analysis of our 
material is not presented, but our experi- 
ence regarding reliability is similar to that 
of others [2-4]. The selective catheteriza- 
tion method is clearly superior to the trans- 
osseous approach [5, 6]. 

The usefulness of epidural venography is 
well established in patients with a good 
clinical picture of herniated disc and a non- 
diagnostic myelogram (e.g., negative, in- 
sensitive, inadequate, or equivocal). Pa- 
tients accept and tolerate the procedure 


well and do not harbor the usual fears held 
for myelography. Another very important 
advantage of venography is its usefulness 
in the diagnosis of extreme lateral disc 
herniations. In these cases, myelography 
is usually negative [1], whereas the veno- 
gram is diagnostic. Because of accuracy, 
reliability, low complication rate, and ease 
of performance, venography is recom- 
mended as an alternative rather than an 
adjunct to myelography. These features, 
along with the notable absence of post- 
procedure headache, have led us to per- 
form the examination on outpatients. 

In two-thirds of the 227 patients studied, 
myelography was considered unnecessary. 
A total of 170 examinations were done on 
an outpatient basis; patients were observed 
and kept at rest for 2 hr after the procedure. 
Of the 227 cases, 152 were positive for disc 
herniation, 60 of the venograms were nor- 
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mal, and eight were inadequate. Five ex- 
tradural and two intradural neoplasms 
were found and produced changes suffi- 
ciently different from disc disease to 
prompt myelography. There has been one 
false positive among the 130 surgically 
explored cases. We await, as all investi- 
gators must, the return of the false nega- 
tive cases. 
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TRANSFEMORAL LUMBAR EPIDURAL VENOGRAPHY 


Mark H. Mitier,! Stantey F. HANDEL, AND Joun D. Coan 


ABSTRACT: 


Lumbar epidural venography performed in 107 patients with normal or non- 
diagnostic myelograms resulted in correct preoperative diagnosis in 25 of 27 patients 
(92%) with herniated disc disease and three of six patients (50%) with nerve root 
compression without associated disc herniation. Compression or occlusion of an 
epidural and/or radicular vein at the disc level is the most significant venographic 
abnormality. Potentially confusing venographic findings such as flow defects, 
extravertebral veins mimicking epidural veins, and occlusion of radicular veins by 
the catheter must be recognized to prevent false diagnoses. Lumbar epidural 
venography is valuable for the diagnoses of herniated lumbar discs not demon- 


strated by myelography. 


Angiographic visualization of the epidural 
veins was first reported in 1954 when 
accidental wedging of a catheter took place 
during infant heart catheterization [1]. 
Subsequently, disc disease was investi- 
gated by intraosseous injection of contrast 
into the lumbar spinous processes [2-5] and 
by contrast injection into the iliac or lower 
extremity veins [6, 7]. These techniques 
have not achieved widespread use because 
of limitations involving pain as well as 
inconstant opacification. Selective cathe- 
terization of the ascending lumbar vein 
improves: filling of the epidural venous 
plexus. This technical advancement per- 
mitted excellent results in the diagnosis of 
lumbar disc disease [8—10]. In this report 
we relate our experience with transfemoral 
lumbar epidural venography in 105 pa- 
tients, 38 of whom underwent surgical 
exploration. 


MATERIALS AND METHODS 


After medicating the patient, both inguinal 
regions are prepared for femoral vein puncture. 
The left femoral vein is punctured initially, 
and a no. 5 French polyethylene catheter is 
introduced under fluoroscopic control into the 
left ascending lumbar vein by Seldinger tech- 
nique (fig. 1). The left ascending lumbar vein 
has proven easier to locate and enter than the 
right one. Alternatively, injection of the left or 


right internal iliac vein or small sacral 
branches of common iliac vein will also opacify 
the epidural venous plexus, but generally to a 
lesser degree than when an ascending lumbar 
vein is used. 

Following selective venous catheterization, 
tight abdominal compression and the Valsalva 
maneuver are employed during contrast injec- 
tion. Approximately 35-40 cm’ ov 76% iodide 
contrast are injected at the rate of 2—9 cm/sec. 
One film per second is obtained for 10 sec in the 
frontal projection. If a second projection is 
needed, a lateral-oblique series using the hori- 
zontal x-ray tube is employed, since this view 
avoids superimposition of ascending lumbar 
veins and anterior epidural veins. A true lateral 
view may also be obtained. 


RADIOGRAPHIC INTERPRETATION 


The entire lumbar venous plexus can be 
opacified by injection of the ascending 
lumbar vein since the system is valveless. 
Each ascending lumbar vein usually arises 
from the common iliac vein between the 
vertebral column and the sacroiliac joint. 
Radicular veins bridge the ascending lum- 
bar vein to the epidural veins within the 
spinal canal. We have observed that at 
least two radicular veins lie within the 
neural foramen of the lumbar spine and 
that the inferior radicular vein relates most 
closely to the posterolateral aspect of the 
intervertebral disc (fig. 2). Within the 


1 All authors: Department of Diagnostic Radiology, University of Texas Medical School at Houston, Hermann Hospital, Houston, 


Texas 77025. 
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ROUTES OF CATHETERIZATION 





Fic. 1.—Routes of venous catheterization. Left 
ascending lumbar vein (open arrow) is usually 
readily accessible for catheterization. Alternative 
veins include left and right sacral veins (arrowheads) 
and right ascending lumbar vein (closed arrow). 


spinal canal the most important veins 
are the anterior epidural longitudinal 
veins outlining the width of the spinal 
canal on the frontal projection (fig. 2). 
Occasionally the two separate chains are 
replaced by a broad sheath of veins (fig. 3). 
The lateral-oblique projection reveals the 
intimate relationship of the anterior epi- 
dural veins to the posterior aspects of the 
vertebral bodies and discs at all lumbar 
levels, including Ls—S1 (fig. 4). A herni- 
ating disc must transverse this epidural 
space containing the epidural veins before 
impinging on the caudal sac. 


RESULTS 


Diagnostic opacification of the epidural 
and radicular veins occurred in 100 of 107 
attempted examinations (93%). Failure to 
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obtain adequate examinations resulted 
from poor filling of the veins in four pa- 
tients and inability to find a suitable vein 
in three patients. Retroperitoneal extrav- 
asation of contrast from the ascending 
lumbar vein occurred in four patients with 
no significant clinical sequelae in three. The 
fourth patient experienced diarrhea and 
abdominal cramps but subsequently did 
well. Because of the potential danger of 
retroperitoneal bleeding, patients are not 
heparinized. 

Compression or occlusion of epidural 
and radicular veins are the most important 
signs of intervertebral disc disease. The 
entire epidural chain (fig. 5) or only a por- 





Fic. 2.—Normal frontal epidural venogram. 
Injection of left ascending lumbar vein (closed arrow) 
opacifies two radicular veins in each neural foramen 
(vertical arrows), and the anterior epidural veins 
simulate a “stack of hexagons.” Struts 3 and § cross 
disc space. Each pedicle (asterisk) is outlined by a 
venous monocle. Cross-filling opacifies right ascend- 
ing lumbar vein (open arrow). 
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tion of the chain (fig. 6) may be occluded 
on the side of disc herniation. Displacement 
of a vein by a bulging intervertebral disc 
without compression is not considered evi- 
dence of a herniated disc. 

The interpretation of the venogram was 
proven correct in 33 of the 38 patients who 
underwent surgical exploration, for an 
accuracy rate of 87%. In this operated 
group, abnormal venograms were present 
in 25 patients with herniated discs, three 
with nerve root entrapment without disc 
herniation, one with intraspinal neurilem- 
moma, and one with discitis and osteomy- 
elitis. Three patients had a normal veno- 
gram and a negative back exploration. 
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Fic. 3.—Norma! frontal epidural venogram. Broad 
sheaths of anterior epidural veins replace more com- 
mon form of two longitudinal chains. Radicular veins 


at L4-L5 and L5-S1 do not fill. 
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Fic. 4.—Normal lateral-oblique venogram. Left 
ascending lumbar vein injection (/arge arrow) opaci- 
fies two radicular veins (vertical arrows), left anterior 
epidural chain (open arrows), and right anterior 
epidural chain (three arrowheads). Extravertebral 
lumbar veins (paired arrowheads) connect left as- 
cending lumbar vein to inferior vena cava (IVC). 


There were no false positive diagnoses in 
the operated group; an abnormal venogram 
was associated with definite pathology in 
all cases. Five false negative venograms 
occurred with two herniated discs and 
three nerve root entrapments found at 
surgery. Thus the venogram detected 25 
of 27 disc herniations (92%) but proved 
less effective in other conditions causing 
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TRS l i 
Fic. 5.—A, Myelogram demonstrating slight straightening of Ls—S1 portion of caudal sac on right (arrow). 
Spinal arachnoid cyst is present in sacrum. B, Epidural venogram of same patient showing occlusion of 
inferior radicular vein at Ls—S1 on right (open arrow). Entire right anterior epidural chain at same level is 
occluded. Opacification of two superior radicular veins is present (closed arrow). At surgery, a large herniated 
disc was present at Ls—S1 on right. 
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Fic. 6.—A, Myelogram showing left Ls nerve to 
be slightly wider than right Ls nerve root. Left Ls 
axillar pouch (arrow) does not fill as completely as 
right side. B, Epidural venogram of same patient 
showing occlusion of left anterior epidural vein cor- 
responding to strut 3 of figure 2 (open arrow). Com- 
pare with normal strut 5 on right side Ls—S1 (closed 
arrow). At surgery, herniated disc on left side of 


Ls-S1 was identified. 
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Fis. 7.—4, Myelogram showing no definite deformity of caudal sac. Enlarged nerve roots are present on 
right side at L4a—Ls and Ls-S1 levels. B, Epidural venogram of same patient showing compression of inferior 
radicular veins at L4-Ls on left (arrow). At surgery, lumbar spinal stenosis without disc herniation was 


present. 


nerve root entrapment, detecting only 
three of six preoperatively (table 1). 


DISCUSSION 


Lumbar epidural venography compares 
favorably to positive contrast myelogra- 
phy, in which equivocal results may occur 
in up to 25% of studies [11] and in which a 
wide epidural space of Ls—S1 can obscure 
underlying disc herniation in approxi- 
mately 20% of patients [4]. Our overall 
accuracy rate of 87% is comparable to 
Gargano’s reported 91% accuracy in 32 
operated patients [10]. Better filling of the 
epidural and radicular veins by contrast 
injection into the ascending lumbar vein 
probably accounts for the improvement 
over the 78% accuracy rate reported in 
Vogelsang’s series of 99 patients studied by 
intraosseous venography [5]. 

Nerve root entrapment without disc pro- 
trusion may result from narrowing of the 


disc space and associated narrowing of the 
neural foramen, spondylolysis, bony en- 
croachment by pedicle or facets, previous 
spinal fusions, lumbar stenosis, and infre- 
quently by spur formation [12]. We ob- 


TABLE 1 


ACCURACY OF LUMBAR VENOGRAPHY IN 38 
SURGICALLY VERIFIED CASES 








Cases No. % 
Correctly diagnosed.........5.6s0s00% 33 87 
Incorrectly diagnosed negative: 
Herniated disc at operation....... 2 
Nerve root entrapment: 
With spondylolysis............. I 
Without spondylolysis.......... 2 
TOG ad cancion neta ete ee ees 5 13 
Incorrectly diagnosed positive....... O O 
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Fic. 8.—A, Epidural venogram showing apparent compression of superior radicular vein at Ls—S1 on left 
(arrow). Catheter tip is at level of radicular vein. B, Venogram of same patient after catheter tip lowered 
below radicular vein. Note normal opacification of vein. 


served ocelusion of the inferior radicular 
vein and associated epidural vein in three 
patients without disc disease who had 
narrowing of the neural foramen noted at 
surgery (fig. 7). The venographic findings 
of occlusion of radicular and epidural veins 
are indistinguishable from findings associ- 
ated with disc herniation. 

Interpretation of lumbar venograms re- 
quires an awareness of the situations that 
can cause confusion. Epidural veins are 
generally occluded in an area of previous 
surgery, but the nonoperated sites may be 
evaluated. In order to have absolute confi- 
dence in diagnosing venous obstruction, we 
require adequate filling of the veins sur- 
rounding the area of venous occlusion to 
exclude flow defects. The catheter can ob- 
struct radicular veins branching from the 
ascending lumbar vein, resulting in incom- 
plete opacification (fig. 8). Radicular ve- 
nous occlusion can be overlooked if one does 
not methodically check for the presence of 
two radicular veins per neural foramen. 
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Since extravertebral veins can mimic intra- 
spinal veins on the frontal projection, it 
may be necessary to obtain a lateral pro- 
jection. As in myelography, careful clinical 
localization of disease remains important 
in the interpretation of venograms. 
Lumbar epidural venography has proved 
to be a most useful method for evaluation 
of lumbar disc disease. This procedure may 
be performed on outpatients and inpatients. 
We have also examined two achondroplasts 
by this method, since myelography can be 
very difficult to perform in this situation. 
In general, however, we prefer to perform 
epidural venography only on those pa- 
tients whose myelogram is nondiagnostic. 
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EPIDURAL VENOGRAPHY: DIAGNOSIS OF 
HERNIATED LUMBAR INTERVERTEBRAL 
DISC AND OTHER DISEASE OF 
THE EPIDURAL SPACE 


Georce F. Drasin,}? Ricuarp H. Darrner,! Rosert F. Sexton,’ anD WiLL1AM C. CHEATHAM! 


ABSTRACT: 


Epidural venography is a simple and safe procedure for the diagnosis of herniated 
intervertebral disc and other disease of the epidural space. It is especially useful in 
symptomatic patients with normal or equivocal myelographic findings. The accuracy 
rate of positive venograms is 88.2% in this series of 58 patients. Five illustrative 
cases are presented. 


The false negative rate of myelography in [1-7]. Scoville operated on 200 consecutive 
diagnosing herniated intervertebral discs cases for clinical reasons alone and found 
has been estimated at approximately 15% disc herniation in 13% of patients who had 
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Fic. 1.—Transverse schematic drawing of vertebral venous system. 
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normal myelograms [7]. In a similar study, 
Ford [3] discovered 27 positive discs at 
surgery in 39 patients with normal myelo- 
grams. Another 10 cases had positive 
myelograms at L4-Ls5 and negative find- 
ings at Ls-S1 with surgery revealing 
herniated disc material at Ls5—S1. False 
negative rates will vary according to 
clinicians’ indications for myelography and 
can only be ascertained if all patients are 
surgically explored. 

The major source of error in myelography 
lies in the inability of the Pantopaque col- 
umn to cover all areas where herniated 
discs or other lesions may be. The thecal 
column may be narrow, leaving a large 
unexamined space between the dura and 
the inner margins of the spinal canal. 
Laterally herniated discs are especially 
difficult to discover, possibly compressing 
a nerve root but causing no impression on 
the Pantopaque column. Another hazard- 
ous area is the Ls—Sr level. The spinal 
canal becomes larger while the thecal 
column narrows, leaving a wide epidural 
space. At other times, the thecal column 
does not descend to Ls—S1, making that 
level impossible to investigage by myelog- 
raphy (e.g., figs. 5 and 7). Almost all false 
negative myelograms reported have been at 
Ls5-S1 [1-6, 8]. 

Opacification of the epidural plexus was 
first performed in an attempt to discover 
cerebral metastases [9, 10]. It has subse- 
quently been found to be an accurate and 
sensitive method of investigating the epi- 
dural space when myelograms are normal 
but there is continued suspicion of disc or 
other epidural disease [6, 11]. While the 
first studies were performed by the trans- 
osseous route [6, 8, 10-15], the trans- 
femoral method is now accepted as the 
technique of choice [16, 17]. 


SUBJECTS AND METHODS 


Epidural venography was performed on 58 
patients. They were chosen for this procedure 
because of their clinical status after normal or 
equivocal myelograms. Many other patients 
with a normal myelogram had no further evalu- 
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Fic. 2.—Normal epidural venogram. 4, Ascending 
lumbar vein draining intervertebral vein; B, radicu- 
lar vein; C, anterior intravertebral vein; D, posterior 
intravertebral vein. 


ation. For one patient with a grossly positive 
myelogram, the venogram was done to outline 
the tumor extent. 

A comprehensive discussion of the radio- 
graphic anatomy of the epidural space has been 
presented by Gargano et al. [16]. The method 
of examination has been elucidated by LePage 
[17]. We would only add that catheterization 
of the ascending lumbar veins has not always 
been possible in our experience, but catheteriz- 
ing small sacral branches of the hypogastric 
veins has been uniformly successful in opacify- 
ing the epidural plexus and has been performed 
without difficulty or morbidity. Figure 1 shows 
a cross-sectional diagram of the spinal canal 
and its veins. Normal vein anatomy is shown in 
figure 2. 


RESULTS 


Of the 58 venograms performed, 16 were 
positive and demonstrated 17 lesions. At 
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Fic. 3.—Case 1. 4 and B, Myelogram. Note 
elevation of root sheath of Ls—S1 on left with 
flattening of thecal space. A notch defect is also 
seen on right at same level (arrow). C, Epidural 
venogram showing displacement of epidural 
veins on left at Ls—S1 (arrow). At surgery a bulg- 
ing disc was found containing degenerated mate- 
rial. 
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excised from this region (arrow). 


surgery I5 lesions were found, for an ac- 
curacy rate of 88.2%. Of that group, eight 
patients had previously normal myelo- 
grams. Two other patients had surgery 
after normal epidural venograms. No ab- 
normality was found in one; the second 
had a mild disc herniation ventrally which 
had been demonstrated on myelography. 


CASE REPORTS 
Case I 


E. T., a 36-year-old female, complained of 
a 2-month history of back pain which radiated 
into her left leg and ankle. Straight leg raising 
was positive at 45° on the right, but no patho- 
logical reflexes could be elicited. A myelogram 
showed elevation of the Ls—Si nerve root 
sheath on the left with flattening of the thecal 
space (fig. 34). A notch defect was also seen on 
the right at the same level (fig. 3B). An 
epidural venogram (fig. 3C) showed displace- 
ment of the epidural veins on the left at Ls—Sr. 
At surgery the patient was found to have a 
bulging annulus fibrosus from which degener- 
ated disc material was removed. 


Fic. 4.—Case 2. 4, Normal myelogram. Note large epidural 
space. B, Epidural venogram showing medial deviation of an- ` 
terior veins at Ls—S1 on left. At surgery a protruding disc was 
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Case 2 


J. B., a 26-year-old man, developed sudden 
onset of low back pain which radiated into the 
left leg 2 weeks prior to admission. On physical 
examination, weakness was noted of the ex- 
tensor hallicis longus on the left. Although his 
myelogram was considered normal, a large 
epidural space was present (fig. 44). An 
epidural venogram demonstrated deviation of 
the anterior veins at Ls—S1 on the left (fig. 4B). 
At surgery a protruding disc was excised from 
the Ls5—Si region. 

Comment. This case emphasizes the value of 
epidural venography when a wide epidural 
space is present. 


Case 3 


P. Y., a 48-year-old woman, complained of a 
3-day history of severe low back pain radiating 
into the left leg. On physical examination, 
straight leg raising was positive at 15° on the 
left. There was decreased strength of the dorsi- 
flexors on the left, and the ankle jerk on the 
left was also weakened. A lumbar myelogram 
was originally considered normal, but in retro- 
spect mild asymmetry is noted at L4—Ls on the 
left (fig. 54). The epidural venogram showed 


1OI4 





DRASIN ET AL. 


Fic. §.—Case 3. 4, Lumbar myelogram showing mild asymmetry at L4-Ls on left. B, Epidural venogram 
showing medial deviation of anterior veins at L4—Ls on left (arrow). At surgery a bulging disc was encoun- 
tered at L4-L5 on left. 


a marked deviation of the anterior veins at 
L4-Ls on the left (fig. 5B). At surgery a bulging 
disc was encountered at L4-Ls on the left 
associated with an epidural hematoma along 


the body of L4. 
Case 4 


E. S., a 40-year-old woman, complained of 
lumbar back pain for several years. The pain 
extended into her right posterolateral thigh, 
calf, and heel with occasional mild numbness. 
Physical examination demonstrated decreased 
ankle jerk reflexes bilaterally. Plain films of the 
lumbosacral spine showed spondylolysis of 
Ls on the left with sclerosis of the Ls5—S1 joint 
facet on the right. The myelogram was inter- 
preted as being normal. Epidural venogram 
demonstrated angular deviation of the poste- 
rior veins on the right at the midbody of Ls 


(fig. 6). Subsequent injections adequately 
visualized the anterior and left-sided veins 
which were normal. At surgery the nerve root 
was found to be compressed by a medially 
buckled and hypertrophied joint facet. 


Case 5 


W. H., a 32-year-old woman, developed grad- 
ual onset of lumbosacral backache over a I-year 
period. Straight leg raising was positive bi- 
laterally at 30°. Pathologic reflexes could not 
be elicited, but minimal S1 dermatome hypal- 
gesia was found on the left. The lumbar myelo- 
gram demonstrated a large intradural defect 
at Ls (fig. 74). Epidural venogram showed 
virtual absence of both anterior and posterior 
veins at the same level of the myelographic 
defect (fig. 7B). A single vein on the left was 
thinned and displaced laterally in a curvilinear 
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Fic. 6.—Case 4. Epidural venogram showing medial deviation of posterior veins on right at midbody of 
Ls (arrows). At surgery there was nerve root compression by narrowed neural foramen and buckling of facet. 





Fic. 7.—Case 5. 4, Myelogram showing large in- 
tradural defect at Ls. B, Epidural venogram showing 
absence of both anterior and posterior veins at same 
level as myelographic defect. A single vein on left is 
thin and displaced laterally (arrow). A large vein on 
right outside spinal canal is sharply obstructed as it 
courses medially (arrowhead), indicating extradural 
extent of lesion. At surgery a large benign fibroma 
was encountered, approximately 25% extradural. 
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configuration. A large vein on the right outside 
the spinal canal was sharply obstructed as it 
coursed medially. It was felt that this vein had 
encountered tumor as it approached or entered 
the spinal canal, indicating that there was a 
significant extradural component to the mass. 
At surgery a large benign fibroma was removed. 
Approximately 25% was extradural. No malig- 
nant cells were found. 

Comment. Although this was not a case of 
intervertebral disc disease, it was included to 
demonstrate the value of epidural venography 
in outlining the extent of a lesion. In this case 
the extradural component was not suspected 
by myelography alone but was clearly shown on 
the venogram. 
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THE CARDIAC PACEMAKER: A DIFFERENT TWIST 


CHARLES J. TEGTMEYER! AND JosePH MICHAEL DEIGNAN? 


ABSTRACT: 


A new complication of transvenous pacing is described. Twists developing in an 
endocardial lead indicate that the pulse generator pocket is too large. Pacemaker 
failure because of electrode dislodgement or lead fracture will ensue. 


The implantation of transvenous pace- 
makers to stimulate the heart is a well- 
established procedure of great benefit. 
However, once a pacemaker has been in- 
stalled, the physician’s attention is di- 
rected not only to the patient’s illness but 
also to the unique complications of cardiac 
pacemakers. The electrode complications 
of displacement, malposition, fracture, per- 
foration, and migration have been docu- 
mented [1]. Electrode dislodgement caused 
by the patient twisting the pulse generator 
and winding the electrode around the 
generator has been described as the “pace- 
maker twiddler’s syndrome” [2, 3]. 

The following case illustrates a frac- 
tured lead caused by the twisting of the 
pulse generator in its subcutaneous pocket. 
The case ts unique because a roentgeno- 
gram obtained 13 days after insertion pre- 
dicted early pacemaker failure. 


CASE REPORT 


R. F., a 66-year-old female, was readmitted 
to the hospital because of pacemaker failure. 
The pacemaker had been inserted 7 months 
previously for control of sinus bradycardia and 
congestive heart failure. A transvenous elec- 
trode was inserted through the internal jugular 
vein, and a Medtronic model 5942 pulse gener- 
ator was implanted in a subcutaneous pocket 
beneath the right breast. A chest roentgeno- 
gram obtained following insertion of the pace- 
maker demonstrated good position of the trans- 
venous lead (fig. 1). A repeat roentgenogram 
obtained 13 days after insertion showed twist- 
ing of the ascending portion of the pacemaker 
lead (fig. 2); however, this was not noted at the 
time. Postoperatively the patient did well for 





7 months until she awoke on the day of admis- 
sion with precordial pain, a feeling of pressure 
in her chest, and a rapid heart rate. 

Physical examination revealed an obese 
woman with large pendulous breasts and 
bradycardia. The EKG demonstrated atrial 
fibrillation and an absence of the pacemaker 
artifact. A radiograph of the chest revealed a 
fracture of the transvenous lead in its ascending 
portion just above the pulse generator (fig. 3). 
On close questioning, the patient stated that 
she had occasionally felt the pacemaker turn 
over in the pouch when she rolled over in bed. 
The patient denied twiddling with the gen- 
erator. 

At surgery the subcutaneous pocket was 
found to have enlarged sufficiently to permit 
free rotation of the pulse generator within the 





Fic. 1.— Postimplantation frontal chest roentgeno- 
gram demonstrating normal transvenous lead in good 
position. 
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Fic, 2.—Follow-up frontal chest radiograph taken 
13 days later showing twisted endocardial lead 
(arrows). Electrode tip remains in good position. 


pocket. A new transvenous lead was inserted 
through the internal jugular vein, and a new 
pocket for the pulse generator was developed 
deep to the pectoral muscles. 


DISCUSSION 


The “pacemaker twiddler’s syndrome” 
has been well documented [2, 3]. Displace- 
ment of the transvenous lead results from 
traction on the lead produced by rotating 
the pulse generator within a capacious 
pocket [2, 3]. Rotation can occur spon- 
taneously, as in our case, or as a result of 
the patient twiddling with the generator. 
Dislodgement of the endocardial electrode 
is caused either by the windlass mechanism 
(the electrode is reeled onto the pulse gen- 
erator) or by twisting the electrode wire. 

The electrode was not dislodged in our 
case. The twisting of the wire imposed 
additional strain on the electrode, resulting 
in lead fracture. The roentgenogram (fig. 
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Fic. 3.—Frontal roentgenogram obtained 7 months 
later revealing fractured transvenous lead (arrow). 
Uncoiled lead indicates that tension had been placed 
on it. 


2) obtained 13 days after insertion of the 
lead demonstrated the twists in the endo- 
cardial lead. Unfortunately, the signifi- 
cance of the twisted lead was overlooked 
and the lead subsequently fractured. 
Twists in a lead indicate that the gener- 
ator pocket is too large. The pulse generator 
is rotating in a capacious pocket either 
spontaneously or because the patient is 
twiddling with the generator. This will 
eventually result in pacemaker failure be- 
cause of electrode dislodgement or lead 
fracture. This potentially lethal but cor- 
rectable complication of cardiac pacing can 
be prevented if detected. It is important to 
recognize that a twisted transvenous elec- 
trode is abnormal, even when the tip of the 
electrode remains in the right ventricular 
apex. 
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ILIOCAVAL THROMBI IN PULMONARY 
THROMBOEMBOLIC DISEASE 


Jerrrey C. Ruprxorr,! Perer R. Crapp, anD Ernest J. FERRIS 
ABSTRACT: 


Rational management of patients with pulmonary thromboembolic disease should 
include assessment of the risk of additional emboli. Other authors have shown that 
the possibility of fatal pulmonary embolism is higher when the iliofemoral system 
contains thrombus, and it is recommended that vena caval interruption rather than 
simple anticoagulation is indicated. Additional factors governing the therapeutic 
choice should include the magnitude of the original embolic occlusion as well as the 
presence of antecedent cardiopulmonary disease. In these instances large thrombi 
in the iliocaval system should be regarded as potentially life threatening. 

A sequence of angiography beginning with right iliac and vena caval opacification, 
proceeding to pulmonary arteriography, and terminating with retrograde left iliac 
vein study provided information needed to individualize the therapeutic approach. 
Several case reports illustrate the spectrum of abnormalities and their therapeutic 


implications. 


The diagnosis of pulmonary thromboem- 
bolic disease can be made with certainty 
only by pulmonary angiography. Fre- 
quently a presumptive diagnosis is estab- 
lished by relying upon a number of clinical 
and laboratory modalities including chest 
roentgenograms, perfusion-inhalation scans, 
blood gases, and clinical symptomatology. 
In recent years, emphasis has been on de- 
termining the site of origin of potential 
emboli, using techniques such as isotopic 
phlebography [1], ultrasound [2], ascending 
phlebography [3], and retrograde phlebog- 
raphy [4]. In this paper we attempt to 
formulate a more rational approach for the 
prevention of future thromboembolic epi- 
sodes by appropriate choice of the thera- 
peutic modalities available—anticoagula- 
tion, femoral vein ligation, inferior vena 
cava interruption, or Mobin-Uddin um- 


brella. 


MATERIALS AND METHODS 


For approximately 5 years pulmonary angio- 
grams were performed on virtually all patients 
with an appropriate history and a positive per- 
fusion lung scan. Approximately 85% of all pa- 
tients fulfilling these criteria were studied. 


Nearly all studies were done within 24 hr ot 
onset of symptoms. 

A catheter was placed in the right femoral 
vein using the Seldinger approach. The right 
iliac vein and the inferior vena cava were 
studied. If these were free of thrombi, a pul- 
monary angiogram was performed. This was 
subsequently followed by a retrograde left iliac 
vein study prior to terminating the procedure. 
If the inferior vena cava was filled with throm- 
bus, the pulmonary angiogram was performed 
via the upper extremity or jugular vein. 


RESULTS 


Pulmonary angiograms were performed 
on 226 patients suspected of having pulmo- 
nary thromboembolic disease; 137 were 
found to have occlusions in the pulmonary 
arterial system. Fifteen of the 137 had a 
thrombus in the iliocaval system, for a fre- 
quency of 11%. The frequency of iliocaval 
thrombi among the total group studied 


was 6.5%. 


CASE REPORTS 
Case I 


N. B. (no. 474970) was a 21-year-old female 
who had been on oral contraceptives for 3 
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Fic. 1.—Case 1. Large lobulated thrombus (arrows) 
in distal portion of inferior vena cava. 


months. Six days prior to admission she ex- 
perienced sudden onset of left parasternal 
pleuritic chest pain. The next day she was seen 
at an outside hospital where she had a lung 
scan (results not known) and a left thoracen- 
tesis (clear fluid). The day prior to admission 
she developed left thigh pain and heparin ther- 
apy was begun. 

She was admitted to University Hospital and 
underwent an emergency pulmonary angiogram. 
Her left main pulmonary artery was almost 
completely occluded, and there were multiple 
intravascular defects in the right lower lobe. 
The inferior vena cavagram showed a large 
thrombus filling the distal inferior vena cava 
and the left common iliac vein (fig. 1). 

Comment. Since the amount of pulmonary ar- 
terial occlusion was greater than 50% and the 
thrombus in the inferior vena cava was quite 
large, an immediate inferior’vena cava plica- 
tion was performed. 


Case 2 


C. D. (no. 510027) was a 17-year-old female 
who was seen 1 day earlier at an outside hos- 
pital because of sudden onset of shortness of 
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breath and chest pain. She had been on oral 
contraceptives for 5 months. Results of a per- 
fusion lung scan performed at that hospital 
were consistent with massive pulmonary em- 
bolus. Immediately following admission, a pul- 
monary angiogram was performed. Pulmonary 
artery pressure was 21/12 mm of mercury, and 
there was nearly complete occlusion of the right 
main pulmonary artery. In addition there were 
filling defects in the smaller vessels of the left 
lower lobe. The inferior vena cava was clear, 
but a small thrombus was seen in the left iliac 
vein (fig. 2). 

Comment. Since the thrombus in the left iliac 
vein was small, this patient was treated with 
heparin. 


Case 3 


M. O. (no. 437216) was a 59-year-old female 
who had been seen many times because of mul- 
tiple endocrine adenomas. She also had dia- 
betes mellitus and an old myocardial infarct. 
Six weeks after pituitary surgery, she was found 
lying in bed diaphoretic and cold with a blood 
pressure of 80/20 mm of mercury. Perfusion 
lung scan findings were consistent with pul- 
monary emboli. Emergency pulmonary angiog- 
raphy was performed. The pulmonary artery 
pressure was 58/28 mm of mercury; mean right 
atrial pressure was 20 mm of mercury. There 
was nearly complete occlusion of the right main 
pulmonary artery (fig. 3.4). In addition, smaller 
filling defects in the more distal branches of the 
left lower lobe pulmonary artery were noted. 
The inferior vena cava was normal but there 
was a large thrombus in the right common iliac 


vein (fig. 3B). 





Fic. 2,—Case 2. Small thrombus (arrows) in left 
iliac vein. 


ILIOCAVAL THROMBI 


Comment. Since the patient had a large 
thrombus in the right iliac vein as well as ex- 
tensive pulmonary arterial occlusion and ele- 
vated right-side pressures, it was decided to 
perform an immediate inferior vena cava plica- 
tion. 


Case 4 


L. J. (no. 489260) was a 55-year-old hyper- 
tensive male who sustained a head injury in an 
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Fic. 3.—Case 3. 4, Thrombus (arrows) which 
nearly completely occludes right main pulmonary ar- 
tery. B, Large thrombus (arrows) in right external 
iliac vein. 
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Fic. 4.—Case 4. Large thrombus (arrows) in distal 
inferior vena cava which also involved left internal 
iliac vein. 


auto accident 2 months earlier. Since the acci- 
dent he had been quadrapalegic. While in the 
hospital he was noted to have episodes of 
transient tachycardia. The patient’s left leg was 
slightly swollen, although he was not thought 
to have phlebitis. His condition remained rela- 
tively unchanged for approximately 10 days. 
At that time a perfusion lung scan was per- 
formed which revealed findings consistent with 
pulmonary emboli. A pulmonary angiogram did 
not demonstrate any intraluminal filling de- 
fects, although there was “pruning” of lower 
lobe vessels consistent with old emboli. Ex- 
amination of the inferior vena cava and iliac 
system revealed extensive thrombosis of the 
left iliac vein extending into the inferior vena 
cava (fig. 4). 

Comment. Because the patient had extensive 
thrombosis of the iliac and proximal inferior 
vena cava and because his bedridden condition 
made him prone to venous stasis, it was decided 
to perform an inferior vena cava plication. 


DISCUSSION 


The incidence of iliocaval thrombosis as- 
sociated with pulmonary embolic disease is 
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difficult to assess because of the inherent 
problems in diagnosis of pulmonary throm- 
boembolic disease. Of 226 patients in this 
study suspected of having pulmonary 
thromboembolic disease, nearly all of 
whom were studied within 24 hr of onset 
of symptoms, 137 were shown to have oc- 
clusions in the pulmonary arterial system. 
It is possible that some of the patients with 
negative angiograms did indeed have pul- 
monary emboli; however, the number is 
probably small. Of the 137 patients with 
positive pulmonary angiograms, 15 had a 
thrombus in the iliocaval system. This 11% 
incidence compares favorably with an 
autopsy series which showed a 12% inci- 
dence of iliocaval thrombus in pathologi- 
cally proven pulmonary emboli [5]. 

It is logical to assume that in some pa- 
tients, iliocaval thrombus may be a source 
of future emboli. It has already been shown 
by Gibbs [6] in an autopsy series that the 
incidence of pulmonary embolism is higher 
in patients with inferior vena cava and iliac 
thrombosis compared to patients with 
thrombus found more distally in the legs. 
It has further been shown on a clinical level 
by Mavor and Galloway [7] that the inci- 
dence of fatal pulmonary embolism is 
higher when the iliofemoral system con- 
tains thrombus. As yet, however, no pro- 
spective study has randomized patients 
with iliocaval thrombus into a heparin- 
treated group and a vena cava-interruption 
group. It is for this reason that we have 
adopted the policy of individualizing each 
case. 
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In patients with severe pulmonary ar- 
terial embolic occlusion, emphysema, or 
cardiac disease, the presence of large 
thrombi in the iliocaval system represents 
a potentially life-threatening hazard. For 
these patients we recommend inferior vena 
cava surgery or placement of a Mobin- 
Uddin umbrella. This recommendation has 
also been made for patients who are chroni- 
cally bedridden or who have an underlying 
thrombogenic condition such as a malig- 
nant tumor. In younger patients with less 
severe cardiovascular disease and smaller 
iliocaval thrombi, we feel heparin therapy 
is adequate. Until the danger of iliocaval 
thrombus has been adequately evaluated 
statistically, we recommend individualizing 
each case along the lines described. 
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VENOGRAPHY IN PENETRATING INJURIES OF 
THE EXTREMITIES 


Amit James Gertock, Jr.,! Erwin R. THat,? anb Wiliam H. Snyper, III? 


ABSTRACT: 


Of 30 consecutive cases of penetrating injuries to the extremities studied both by 
arteriography and venography, five were found to have significant venous injuries. 
Three of these cases are presented to show the value of venography in detecting 
inadequate venous collateral circulation, intraluminal thrombus, and venous ob- 
struction. It is suggested that preoperative venography will compliment arteriogra- 
phy, aid in the diagnosis of venous injuries, demonstrate variable venous anatomy, 
and outline other venous pathology outside of the area of trauma. 


INTRODUCTION 


Arteriography of the acutely injured ex- 
tremity is a well-established diagnostic 
study used by trauma surgeons. Unfor- 
tunately, unless an arteriovenous fistula is 
present, no information is gained regarding 
the venous side of the circulation. 

Gaspar and Treiman [1], in their evalua- 
tion of civilian extremity injuries, reported 
that 22.4% of the 228 patients with arterial 
injuries had associated venous injuries. The 
superficial femoral vein was most frequently 
injured, although injuries of the brachial, 
axillary, and popliteal veins occurred as 
well. 

Many surgeons now favor repair of ma- 
jor venous injuries, thereby creating a need 
for preoperative venography. Venography 
of the acutely injured extremity will pro- 
vide information about the variable anat- 
omy of the veins, localize the site and type 
of injury, and demonstrate other venous 
pathology such as intraluminal clots. 


MATERIALS AND METHODS 


To evaluate the use of venography in the 
acutely injured extremity, 30 consecutive 
cases were examined, both by arteriography 
and venography. These x-rays were obtained 
in the emergency room prior to surgical ex- 
ploration. 

The venograms were performed by injecting 


60-100 cc of Renografin 76 through a needle 
into a vein on the hand, wrist, or foot. Tourni- 
quets were used around the ankle in all cases of 
lower extremity trauma to insure filling of the 
deep venous system, since these patients could 
not be placed in an upright position. Radio- 
graphs of venous filling of the veins in the re- 
gion of the injury were obtained with portable 
x-ray equipment in the emergency room. The 
results of venography were correlated with the 
findings at surgical exploration. 


RESULTS 


Five positive venograms were identified 
in the group of 30 patients studied. The 
veins injured and associated arterial in- 
juries are recorded in table 1. Three cases 
are presented, each illustrating specific in- 
formation which can be derived from pre- 
operative venography. 


CASE REPORTS 
Case I 


A 24-year-old male sustained a deep lacera- 
tion of the antecubital fossa. Upon arrival in 
the emergency room, both the radial and ulnar 
pulses were absent. The arteriogram showed 
complete obstruction of the brachial artery at 
the level of the distal humerus (fig. 1). Col- 
lateral blood flow to the distal brachial, interos- 
seous, ulnar, and radial arteries was present 
through the superficial ulnar collateral artery 
and middle collateral branch of the profunda 
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Fic. 1.—Arteriogram showing obstruction of 
brachial artery (arrows) with collateral blood flow 
around elbow to radial, ulnar, and interosseous 
arteries. 


artery. The venogram showed complete ob- 
struction of the major trunks of the basilic vein 
and occlusion of one of the cephalic veins 
(fig. 2). 

Surgical exploration revealed that the 
brachial artery was lacerated and obstructed 
at the level demonstrated by arteriography. 
Both of the major trunks of the cephalic and 
basilic veins were completely severed. The 
brachial artery was repaired by an end-to-end 
anastomosijs. Based on the appearance of only 
a few patent superficial veins on the venogram, 
the basilic vein was also repaired by an end-to-. 
end anastomosis. A follow-up venogram, done 
72 hr after surgical repair of the basilic vein, 
showed the anastomotic site to be patent. The 
peripheral pulses in the radial and ulnar artery 
remained palpable postoperatively. Examina- 
tion of the extremity 4 months later showed no 
evidence of venous insufficiency or pulse deficit. 
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Case 2 


A 22-year-old male received a gunshot wound 
to the thigh, sustaining a comminuted fracture 
of the femur. Physical examination revealed 
the peripheral pulses to be present. Arteriog- 
raphy of the extremity was normal, while 
venography demonstrated partial obstruction 
of the popliteal vein and complete obstruction 
of the superficial femoral vein in the area of 
the fracture. Obstruction of the common 
femoral vein was also present proximal to the 
site of the gunshot wound, and collateral ve- 
nous flow could be seen in the inguinal and groin 
region (fig. 3). Surgical exploration of the ves- 
sels showed the arteries to be intact, while the 
superficial femoral vein was found to be lacer- 
ated. A thrombus was removed from the com- 
mon femoral vein at the site of obstruction 
seen on the venogram. The lacerated superficial 
femoral vein was repaired, and the patient 
showed no evidence of venous insufficiency I 
year after injury. 


Case 3 


A 20-year-old male received a gunshot wound 
to the popliteal region. Examination of the 
extremity revealed complete absence of pulses 
in the foot. Arteriography showed complete 
obstruction of the popliteal artery (fig. 44), 
while venography showed almost complete 
occlusion of the popliteal vein with extension 
of a large intraluminal thrombus from the area 
of the injury to the superficial femoral vein 
(fig. 4B). 

Findings at surgical exploration consisted of 
an occluded distal popliteal artery secondary 


TABLE 1 


VENOUS AND ARTERIAL INJURIES IN PATIENTS 
WITH POSITIVE VENOGRAMS 








Case No. Venous Injury Arterial Injury 

licetccse, Obs. basile and Obs. brachial 
branches of cephalic 

2........ Obs. common femoral, None 
superficial femoral, 
and popliteal 

3........ Obs. popliteal with Obs. popliteal 
thrombus 

di ccecven Obs. Dratnial Pseudoaneurysm, 

brachial 
Sica ecu ODS. Drachal Obs. brachial 


Nore.—Obs= obstructed. 
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to a primary injury to the anterior tibial artery 
just distal to the trifurcation. The popliteal 
vein likewise was injured with massive bleed- 
ing. A saphenous vein interposition graft 
was inserted between the distal popliteal artery 
and anterior tibial artery, restoring the pulse 
to the lower extremity. 


DISCUSSION 


Arteriography of the acutely injured ex- 
tremity is now a well-established diagnostic 
radiologic procedure. The site and extent of 
the arterial injury can be quickly evaluated 
by this procedure and the appropriate sur- 
gical repair undertaken. Arterial vascular 
techniques continue to improve, with the 
emphasis focused primarily on arterial re- 
pair rather than ligation. This has resulted 
in a markedly decreased amputation rate 
from 49% of peripheral arterial injuries 
during World War II [2] to 14% in 1960 [3]. 
The surgical approach of repair rather than 
ligation is now being applied with increas- 
ing frequency to venous injuries as well. 
Hopefully this will reduce the amputation 
rate even further. 

The repair of injured veins has been 
stimulated by the accumulation of labora- 
tory and clinical data demonstrating the 
adverse circulatory hemodynamics of ve- 
nous ligation. In a study by Barcia et al. 
[4], total venous occlusion of the canine 
hind limb resulted in a considerable de- 
crease of femoral arterial flow. From this 
study it was concluded that venous ob- 
struction caused venous hypertension and 
venostasis, which in turn caused increased 
resistance to the in-flow of arterial blood. 
These authors proposed that the resultant 
arterial low-flow state may increase the 
tendency for arterial thrombosis. The low- 
flow state may also cause tissue death from 
poor perfusion, even in the presence of a 
patent arterial system. 

Further studies by Hobson and asso- 
ciates [5] have shown an initial reduction of 
50%-75% in the femoral arterial blood How 
in the canine hind limb with ligation of the 
femoral vein. This is accompanied by a 
sharp increase in femoral venous pressure 
as well as an increase in peripheral resis- 
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Fic. 2.—Venogram showing complete obstruction 
of major trunks of basilic vein (open arrows) and 
occlusion of a cephalic vein (c/osed arrow). 


tance. Within 72 hr of femoral venous liga- 
tion, these measurements returned to nor- 
mal preligation pressure. This suggests the 
need for immediate adequate venous cir- 
culation in the first 72 hr following arterial 
repair in order to prevent arterial occlusion. 

Numerous clinical impressions from the 
Korean conflict [6-8] and Vietnam lo, 10] 
indicate that venostasis alone may jeopar- 
dize an extremity even when distal pulses 
and arterial patency have been restored. 
Rich et al. [11] reviewed 125 popliteal ar- 
tery injuries which ultimately required am- 
putation. Concomitant venous injury was 
present in 80%. Popliteal vein ligation was 
performed in 82 patients, while repair was 
undertaken in 16 cases. With popliteal vein 
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Fic. 3.—Venogram showing obstruction of common femoral vein (open arrow). Collateral venous flow 
around areas of obstruction can be seen in inguinal and groin regions. Complete obstruction of superficial 
femoral vein and partial obstruction of popliteal vein is also present (closed arrows). 


ligation, it was reported that severe post- 
operative edema and acute venous insuff- 
ciency frequently contributed to the ulti- 
mate need for amputation. It is particularly 
important to emphasize that 19 of the ar- 
terial repairs remained patent following 
amputation for massive venous insufficiency, 
as proved by arteriography or dissection. 
This further supports the concept that 
venous insufficiency alone in the injured 
extremity can result in nonviability of the 
extremity and lead to amputation. 

These laboratory and clinical studies em- 
phasize the importance of a patent venous 
system in managing vascular trauma. Pre- 
operative venography can serve as a use- 
ful adjunctive study for the clinician. Ve- 
nous injuries are easy to diagnose by virtue 
of either obstruction or extravasation. Ex- 
ternal compression of the venous system by 


hematoma or soft tissue swelling is fre- 
quently seen. 

Venography outlines the venous anatomy 
for the surgeon. Since collateral circulation 
seems to play an important role in main- 
taining patency of the arterial system and 
preventing venous stasis, this information 
is important. Should a rich collateral circu- 
lation pattern be present, the surgeon may 
elect to ligate the injured vein rather than 
spend additional time in attempting a ve- 
nous repair. This is especially helpful in 
the critical patient when time is an im- 
portant factor. However, if collateral cir- 
culation does not appear adequate on pre- 
operative venography, then venous repair 
is likely indicated when major systems are 
involved. 

Occasionally, venography may demon- 
strate intraluminal clots in the venous sys- 
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Fic. 4.—4, Arteriogram showing obstruction of popliteal artery secondary to penetrating trauma of knee 
(arrow). B, Venogram showing partial occlusion of popliteal vein (open arrow). A large thrombus is present 


within superficial femoral vein (closed arrow). 


tem, either at or distant to the site of in- 
jury, that are not evident clinically. These 
clots may occur in the absence of venous 
injuries per se. 
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SELECTIVE ARTERIAL EMBOLIZATION FOR 
CONTROL OF HEMORRHAGE IN PELVIC 
MALIGNANCY: FEMORAL AND 
BRACHIAL CATHETER 
APPROACHES 


FRANKLIN J. MILter, Jr.,! RopriguE Morre.,? Witi1AM J. MANN}? AND ANTOINE E. JAHSHAN? 


ABSTRACT: 


Selective transcatheter embolization with Gelfoam pledgets was used to control 
intractable pelvic hemorrhage in two patients with gynecologic malignancy. There 
were no complications or sequelae associated with the procedure, and no further 
bleeding occurred. This method requires only Seldinger catheterization techniques 
under local anesthesia and should be considered in patients whose medical condition 
precludes major surgery or in whom operative ligation cannot be performed. 


External pelvic hemorrhage is a very dis- 
tressing complication in obstetrics and 
gynecology. Whether occurring post par- 
tum, after gynecologic surgery, or second- 
ary to genital malignancy or its therapy, 
this complication can be life threatening 
and is unresponsive to usual conservative 
measures. In these situations, internal iliac 
artery ligation has been successfully em- 
ployed. No immediate mortality has been 
reported to be associated with this pro- 
cedure [1, 2]. However, technical difficulties 
such as injury to the external iliac vein, 
vessel encasement with tumor, or extensive 
tissue necrosis may be encountered. 

The purpose of this paper is to report an 
alternate means of controlling recurrent 
pelvic hemorrhage by selective arterial 
embolization with absorbable gelatin sponge 
(Gelfoam®, Upjohn Co., Kalamazoo, Mich.). 
Two cases are presented to illustrate the 
method. 


CASE REPORTS 


Case I 


A 31-year-old woman, G2P2002, first pre- 
sented in June 1974 with vaginal bleeding. A 
stage IIIB epidermoid carcinoma of the cervix 
was diagnosed. She was treated with a com- 


bination of megavoltage external radiation de- 
livering 5,940 rads homogeneously to the whole 
pelvis and intracavitary cesium using a Fletcher- 
Suit applicator deliverying 2,880 rads to point 
A. Following therapy, a large vesicovaginal fis- 
tula was noted, and barium enema also revealed 
a tight radiation stricture of the sigmoid colon. 
An ileal conduit and transverse colostomy were 
constructed. In January 1975 the patient de- 
veloped vaginal hemorrhage, was admitted in 
shock to an outlying hospital where she was 
“massively transfused,” and was subsequently 
transferred to our hospital. Hemorrhage and 
shock recurred in the hospital but were success- 
fully controlled by 2,000 cm? of whole blood 
replacement and vaginal packing of a 2-cm 
hole in the anterior vaginal wall where bleeding 
was evident. The vaginal pack was removed 24 
hr later, the patient remained stable, and she 
was discharged 1 week later. 

Vaginal hemorrhage recurred the day of dis- 
charge, and she was again admitted in hemor- 
rhagic shock. Transfusion of five units of blood 
and vaginal packing left in place 48 hr brought 
the bleeding under control. Shortly after the 
pack was removed, two more units of blood 
were transfused and the packing reinserted for 
control of another episode of vaginal hemor- 
rhage. Ligation of the hypogastric artery was 
considered, but at laparotomy a large necrotic 
cavity was found occupying the entire left side 
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Fic, 1.—Case 1. Selective left common 
iliac (4) and hypogastric (B) arteriograms 
showing bilobed false aneurysm. C, Post- 
embolization film demonstrating occlusion 
ef the aneurysm and the superior gluteal- 
artery. 


of the pelvis. Even after debridement, irriga- 
tion, and drainage, the marked distortion of the 
pelvic anatomy prevented identification and 
ligation of the left hypogastric artery. 

Profuse vaginal hemorrhage recurred on the 
third postoperative day, and an emergency 
femoral arteriogram revealed a bilobed aneu- 
rysm of the left hypogastric artery (figs. 14 and 
1B). Gelfoam® embolization of the artery was 
performed without complication (fig. 1C). The 
patient stabilized, there were no further bleed- 
ing episodes, and she was discharged. No fur- 
ther bleeding occurred; the patient expired of 
pneumonia 4 months later in a nursing home. 


Case 2 


A 55-year-old woman, G2P2002, had a total 
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abdominal hysterectomy and bilateral salpingo- 
oophorectomy in 1970 for “pelvic relaxation.” 
Histologic examination of the surgical specimen 
revealed invasive epidermoid carcinoma of the 
cervix. She subsequently received a course of 
external orthovoltage irradiation followed by an 
intracavitary radium insertion. In December 
1971, biopsy of the vaginal vault lesion was re- 
ported to show recurrent epidermoid carcinoma; 
the patient underwent an anterior exenteration 
with construction of an ileal conduit in Feb- 
ruary 1972. Metastatic epidermoid carcinoma 
was discovered histologically in the parame- 
trium. The postoperative course was compli- 
cated by wound infection and dehiscence, but 
the patient recovered and was discharged 4 
weeks later. A diverting colostomy was con- 
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structed in April 1974 because of local tumor 
occluding the rectum. 

Six months later, in November 1974, she de- 
veloped rectal bleeding and profound anemia. 
Over a 1-month interval, eight units of blood 
were transfused. The bleeding continued, be- 
came more prominent, and required hospitaliza- 
tion in February 1975. Examination disclosed 
a large necrotic cavity anterior to the sacrum, 
a hard nodular mass surrounding the rectum, 
and painful lymphedema of the right lower ex- 
tremity. Colonoscopy failed to reveal the exact 
bleeding site but demonstrated that it origi- 
nated from the area of the tumor mass. Radio- 
graphs of the pelvis revealed metastatic disease 
in the right acetabulum. The rectal bleeding 
persisted, and the patient required seven units 
of blood over 35 days to raise her hematocrit 


Fic. 2.—Case 2. 4, Preembolization arterio- 
grams of inferior mesenteric artery with en- 
casement of superior hemorrhoidal artery 
(SHA) (arrow) and sigmoidal artery. The ileal 
loop is seen overlying the right SI joint. A 
lytic lesion is seen in the pubic ramus. B, Pre- 
embolization SHA arteriogram supplying 30%- 
40% of the mass. C, Postembolization SHA ar- 
teriogram with occlusion of its branches and 
less stain in tumor mass. The ileal loop is seen 
overlying distal SHA 


to 32%. One week later profuse rectal hemor- 
rhage recurred requiring two units of blood. 
Arteriography was performed (figs. 24 and 2B), 
and the superior hemorrhoidal branch of the 
inferior mesenteric artery was embolized with 
Gelfoam® (fig. 2C). The patient maintained a 
stable hematocrit, and no further bleeding oc- 
curred. She died of carcinomatosis 5 months 
later. 


METHOD 


For case 1, catheterization was performed 
with a 6.7 French polyethylene catheter using 
the Seldinger technique via the right femoral 
artery. A bilobed false aneurysm of the left hy- 
pogastric artery was detected which was selec- 
tively occluded using Gelfoam®. The duration 
of the procedure was approximately 60 min. 
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Case 2 was studied in a similar fashion, with 
pelvic and abdominal arteriograms revealing 
tumor-encased colonic vessels. Selective ar- 
teriography of the inferior mesenteric artery re- 
vealed that the tumor was supplied by the sig- 
moid branch of the left colic artery and the 
superior hemorrhoidal branch of the inferior 
mesenteric artery. Because selective emboliza- 
tion from the femoral artery approach could 
not be safely accomplished, a left brachial ar- 
tery approach was used to catheterize the 
branches of the inferior mesenteric artery. The 
percutaneous brachial puncture is made high on 
the brachial artery, and small catheters (4 or 5 
French) must be used. The brachial vessel is 
entered two-thirds of the distance from the 
head of the humerus to the antecubital fossa. 
Using a 265 cm guide wire simplifies the cathe- 
terization, especially if an exchange is needed. 
The guide wire itself is used to engage the in- 
ferior mesenteric artery from above, and a 
straight end-hole catheter is advanced over the 
wire. The procedure was performed within go 
min. 

In both patients, Gelfoam® emboli were pre- 
pared and aspirated into a 5-cm’ plastic syringe, 
filled with contrast media, and the emboli were 
then hand injected under flucroscopy. Gel- 
foam® shavings were used initially, followed by 
2-3 mm pledgets to occlude the larger feeding 
vessels. Two arteriograms were performed dur- 
ing the embolization in each patient to monitor 
the area of embolization. 


DISCUSSION 


Recurrent bleeding from pelvic vessels in 
gynecologic patients can usually be con- 
trolled with hypogastric artery ligation 
with reported low morbidity [1-3]. Selec- 
tive transcatheter arterial embolization 
represents an alternate method of treating 
pelvic hemorrhage with low morbidity, 
using local anesthesia and avoiding the 
risks of a major operative procedure [4-7]. 
In addition, catheterization can be per- 
formed when technical difficulties preclude 
surgical management. The transcatheter 
embolization technique has been of proven 
value in areas such as the gastrointestinal 
tract [8—10] and the head and neck [11-13]. 

Arteriography via the femoral route for 
embolization of the contralateral internal 
iliac vessels can be accomplished with stan- 
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dard selective catheters. Once the artery is 
properly engaged, Gelfoam® particles can 
be easily injected through catheters under 
fluoroscopy. 

If the femoral approach does not allow 
safe engagement of a pelvic or mesenteric 
vessel, the brachial artery approach using 
small catheters can be substituted. Wirtanen 
has used the latter technique on 332 pa- 
tients who had primary and metastatic 
tumors to the liver [14]. These catheters 
have been left in place for as long as 4 
months with minimal morbidity. We have 
treated two cancer patients via brachial 
catheters for 6 months without any se- 
quelae. Brachial artery catheterization 
seems reasonable when the femoral route is 
not technically feasible and avoids the 
axillary approach which has the added risk 
of brachial plexus injury. The duration of 
the procedure could easily be prolonged in 
large tumors, and therefore the brachial 
approach would again be preferable, in our 
opinion, to the axillary. 

Successful catheter control of pelvic 
hemorrhage secondary to trauma has been 
reported by Paster et al. [6] and Ring et al. 
[7]. In Ring’s series, embolization was 
carried out with autologous blood clot in 
eight cases, and in a ninth patient a 
Fogarty balloon was used for thrombosis. 
More recently, Gelfoam® is used [8, 12, 15] 
because it is easily manageable, effective, 
and probably longer lasting than blood 
clot. Other agents including silicone rubber 
[16] and isobutyl 2-cyanoacrylate [17] have 
been used clinically and experimentally, 
although both are technically difficult to 
use. 

Case I represents an example of a patient 
in whom surgical ligation of the hypogas- 
tric artery was attempted but not possible 
because of a marked anatomic distortion 
secondary to a large necrotic cavity in the 
pelvis. Hypogastric artery embolization 
was easily and safely carried out when 
hemorrhage occurred. 

Our second patient was a poor operative 
risk because of debilitation secondary to 
widespread metastatic disease and compli- 
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cations of previous therapy. Although ac- 
tual extravasation of contrast was not seen, 
arteriography demonstrated recurrent can- 
cer supplied by the superior hemorrhoidal 
branch of the left colic artery. The superior 
hemorrhoidal artery appeared to be en- 
tirely involved by the cancerous mass, and 
because it could be safely catheterized and 
was separated from the branches of the left 
colic artery by a distance of 4 cm, it was 
embolized. No attempt was made to engage 
the sigmoid branch of the left colic artery, 
despite the fact that it comprised 60%- 
70% of the blood supply of tumor, because 
of its tortuous course and the associated 
increased risk of occluding it entirely. Even 
though a transverse colostomy was present, 
occlusion of the marginal artery of Drum- 
mond could lead to ischemia, infarction, 
and perforation of the descending colon. 
Collaterals from the sigmoidal vessels anas- 
tomose to the superior hemorrhoidal artery 
in 95% of patients [18] allow occlusion of 
this artery with relative safety. The small- 
est vessels that are occluded by Gelfoam® 
are approximately 100-1 50 um in diameter 
[9]. Therefore, the capillary bed which is 
left intact can be supplied by collateral 
circulation, but the arterial pulsation is 
markedly reduced [3, 19]. 
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PERIPHERAL EMBOLIZATION COMPLICATING 
BILATERAL RENAL INFARCTION 
WITH GELFOAM 


Jerrrey WoopsipeE,! Hans Scuwarz,? AND PETER BERGREEN! 


ABSTRACT: 


Selective arterial embolization is a technique with wide therapeutic applicability. 
However, regardless of the nature of the embolic particles, reflux into the aorta with 
peripheral embolization is a serious potential complication. A case is described in 
which this complication occurred. We recommend that all such embolizations be 
performed with a balloon catheter occluding the target artery. 


Selective arterial embolization has been 
gaining favor as a nonoperative technique 
for the treatment of cerebral arteriovenous 
malformations [1], gastrointestinal and pel- 
vic hemorrhage [2], postbiopsy renal ar- 
teriovenous fistulas [3], delivering radio- 
active infarct particles to tumors, [4], in- 
farcting renal tumors prior to nephrectomy 
[5, 6], and infarcting kidneys for malignant 
hypertension [7]. No complications of these 
procedures in humans have been reported, 
but we recently encountered a serious com- 
plication of Gelfoam infarction for malig- 
nant hypertension in a dialysis patient. 


CASE REPORT 


A 40-year-old black woman was undergoing 
center dialysis for malignant hypertension and 
chronic renal failure. Because of poor control 
on antihypertensives and high peripheral 
plasma renin levels, she was referred for bi- 
lateral nephrectomy. Because she had had 
recent pulmonary emboli and her general 
medical condition was poor, bilateral nephrec- 
tomy was considered too dangerous. After a 
detailed informed consent was obtained, it 
was elected to perform percutaneous trans- 
femoral bilateral renal infarction. 

Using the inguinal approach and standard 
Seldinger technique, a no. 6.7 French-Cook 
pigtail catheter was introduced and an ab- 
dominal aortogram performed. Early films from 
this examination demonstrated renal arteries 
of normal caliber. Subsequent films showed per- 
sistence of a large amount of contrast material 


within the renal arterial system indicative of 
markedly slowed renal blood flow. Selective 
renal artery catheterizations were next per- 
formed using a no. 7 French-Cook catheter, 
and the kidneys were infarcted with a suspen- 
sion of shredded Gelfoam in normal saline to 
which several cubic centimeters of Renografin 
76 were added. Infarction was accomplished 
under fluoroscopic control with repeated small 
injections of the above mixture. A small 
amount of back flow into the aorta was seen 
on a single injection toward the completion of 
infarction of the left kidney. The patient denied 
any back or lower extremity pain while in the 
x-ray department, and her peripheral pulses 
remained unchanged. Postinfarction selective 
renal arteriograms under fluoroscopic moni- 
toring failed to reveal any evidence of signifi- 
cant blood flow to either of the infarcted 
kidneys. 

On the evening of the infaraction, she com- 
plained of pain in her left foot, but no physical 
findings were present until the third post- 
infarction day when areas of dry gangrene ap- 
peared and gradually involved the entire left 
forefoot and several toes on the right foot. Dry 
gangrene progressed (fig. 1) requiring midfoot 
amputation 6 weeks later. The response of her 
hypertension and renin levels to infarction are 
the subject of a future report, but management 
of her hypertension has been significantly im- 
proved. 


DISCUSSION 


Many substances have been used for ar- 
terial embolization: autologous clot, mus- 


1 Division of Urology, Department of Surgery, University of New Mexico School of Medicine, Albuquerque, New Mexico 87131. 
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Fic. 1.—4 and B, Views of feet demonstrating dry gangrene of distal half of left foot 6 weeks after embo- 


lization. 


cle, fat, lead shot, Sephadex G-5o, plastic 
pellets, barium, and silicone. At our institu- 
tion, we have successfully used Gelfoam to 
infarct renal adenocarcinomas prior to 
nephrectomy without complications in 
eight patients. We chose Gelfoam because 
it is easily cut to the particle size desired, is 
readily suspended in saline for injection, 
and should promote thrombosis within the 
renal arterial tree. 

A serious complication of arterial em- 
bolization that has not been reported in hu- 
mans is the reflux of the particles into the 
aorta and subsequent peripheral emboliza- 
tion. Lalli et al [8], while infarcting dog 
kidneys with Sephadex G-so, noted reflux 
and embolization of lumbar arteries with 
resultant spinal cord infarction. They were 
able to prevent this by using a balloon 
catheter to occlude the renal artery during 
injection. 

A relatively low renal blood flow and the 
injection of a larger than usual amount of 
Gelfoam to attempt a more total renal in- 
farction may have contributed to this seri- 
ous complication in our patient. However, 
we feel that it could have been prevented if 
a balloon catheter had been used. Conse- 
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quently, we recommend that all such em- 
bolizations be performed with a balloon 
catheter occluding the target artery. 
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CROSSED RENAL ECTOPIA: ANGIOGRAPHIC 
FINDINGS IN SIX CASES 


ZALMAN J. RuBINSTEIN,! MARJORIE HERTZ, Nazim SHAHIN, AND Victor DEUTSCH 


ABSTRACT: 


Angiographic findings in six patients with crossed renal ectopia are reported. 
Crossed fused ectopia was present in four cases, and the remaining two had single 
crossed ectopic kidneys. All kidneys, including the nonectopic ones, had an anoma- 
lous blood supply. No constant arterial pattern was discernible, and renal arteries 
were found to arise from the aorta both above and below the normal level as well as 
from the iliac arteries. It is suggested that angiography be undertaken in all cases 


when surgery is contemplated. 


INTRODUCTION 


In a recent report [1], the clinical and radio- 
logical features of 22 cases of crossed renal 
ectopia were described. Five of these were 
studied angiographically, and the purpose 
of this paper is to describe the findings in 
these patients. Subsequently another pa- 
tient was found to have single crossed renal 
ectopia, thus making a total of six patients 
for whom angiographic studies were avail- 


able. 


MATERIALS AND METHODS 


Arteriography was performed via the femoral 
artery using the Seldinger technique. Films of 
the upper abdomen and the pelvis were obtained 
after contrast injection into the upper and 
lower abdominal aorta, respectively. 


RESULTS 


No constant pattern of arterial supply 
could be discerned in the six cases studied. 
The two patients with single crossed renal 
ectopia both had a single renal artery which 
originated from the common iliac artery 
(fig. 1). Three renal arteries were present in 
each of two additional patients (fig. 2), 
while the remaining two patients had two 
renal arteries each (fig. 3). Therefore a total 
of 12 renal arteries supplying 10 kidneys in 
the six patients were demonstrated; their 
sites of origin varied considerably. The 
common iliac artery gave rise to four of 


these 12 arteries, while another four were 
given off from the distal aorta at the L3- 
L4 levels. A high aortic origin was noted at 
the Dı2 level in a further three vessels 
(fig. 4). The remaining twelfth artery arose 
from the expected level of L1, but even this 
origin was not completely normal since the 
artery was seen to come off the anterior 
surface of the aorta. 

In one instance an artery arising from 
the aorta crossed from one side to another. 
The artery originated from the right side of 
the aorta and crossed over to supply the 
ectopically situated kidney on the left 
(fig. 2). This was also the only instance in 
which the inferior adrenal artery was seen 
to arise from a renal artery. It came off the 
right-sided renal artery before the latter 
crossed to the left and supplied the right 
adrenal gland which was normally situated. 


DISCUSSION 


The anomaly of crossed renal ectopia 1s 
a rare condition in which both kidneys are 
found to lie on the same side of the body, 
while their ureters have normally situated 
entrances into the bladder. Single crossed 
renal ectopia is even more uncommon, with 
only 15 cases reported in the literature. In 
this latter form of anomaly only one kidney 
is present which derives its blood supply 
from one side of the body while the ureter 
enters the opposite side of the bladder. 


1 All authors: Department of Diagnostic Radiology, Chaim Sheba Medical Center, Te! Hashomer, and Tel Aviv University Medical 


School, Tel Aviv, Israel. 
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That renal ectopia, a developmental 
anomaly, should be associated with a 
varying blood supply to these abnormally 
situated kidneys is not surprising. However, 
documentation of this variable blood sup- 
ply has usually been by means of surgical 
and pathological description. To our knowl- 
edge only five cases of crossed renal ectopia 
have been reported in which the pattern of 
vascularization was demonstrated by angi- 
ography. The three cases described by 
Olsson and Whorley [2] had branches arising 
from various levels of the abdominal aorta 
in addition to others from the iliac vessels. 


RUBINSTEIN ET AL. 


Fic. 1.—Solitary pelvic kidney. 4, Ex- 
cretory urography showing pelvic kidney 
with its ureter entering left side of displaced 
bladder. Note osteopoikilosis of bones. B, 
Aortogram showing single renal artery 
(arrow) arising from the right common iliac 
artery. C, Nephrogram showing single pel- 
vic ectopic kidney. 


In two of these cases the ectopic kidney was 
simultaneously supplied by branches from 
both the left and right iliac arteries. Tan- 
nenbaum et al. [3] mention two further 
cases in which renal arteries arising from 
the iliac vessels were demonstrated by 
angiography. 

The diagnosis of crossed renal ectopia is 
usually made by means of excretory urog- 
raphy. It is frequently an incidental finding 
or is found during the course of investiga- 
tion of an abdominal “mass,” urinary in- 
fection, hypertension, or suspected calcu- 
lous disease. Pelvic angiography should be 
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Fic. 2.—Left crossed ectopic kidney, fused. 4, Arterial phase showing multiple renal arteries. Note right 
inferior adrenal artery (arrow) coming off right renal artery before latter crosses midline. B, Nephrogram 
showing fused kidneys. Note normally situated right adrenal gland (arrows). 
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Fic. 3.—Left crossed ectopic kidney, fused. 4, Renal arteries arising from aortic bifurcation and anterior 
aorta at level of L2 (arrows). B, Nephrographic phase. 
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Fic. 4.—Right crossed ectopic kidney, fused. 4, Aortogram showing high aortic origin (D12 level) of 
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dilated and markedly stretched renal artery (arrow). B, Pelvic arteriogram showing small atrophic renal 
artery (arrow) arising from right iliac artery and supplying lower hydronephrotic kidney. 


performed in patients with a unilateral 
nonfunctioning kidney on pyelography 
whose subsequent abdominal angiography 
fails to show either the kidney or the renal 
artery. 

The diagnosis of crossed ectopic kidney 
by excretory urography is not in itself an 
indication for either angiography or sur- 
gery. However, whenever the diagnosis is 
uncertain or complications necessitate sur- 
gery, angiography becomes essential. In 
addition to defining the pathology it also 
delineates the exact vascular anatomy, 
which is of crucial importance to the sur- 
geon, especially when the kidneys are fused. 

With the obviously disturbed embryo- 
logical development in these cases, it is 


understandable that the ectopic kidney is 
supplied by vessels originating from vary- 
ing sites. However, it is of interest to note 
that in all four cases of crossed fused renal 
ectopia, the arteries to the nonectopic kid- 
ney also had abnormal origins from the 
aorta. 
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ANGIOGRAPHICALLY INDUCED RENAL FAILURE 
AND ITS RADIOGRAPHIC DETECTION 


Rosert A. OLper,! Joseru P. Miter, Donar C. Jackson, Irwin S. JOHNSRUDE, 
AND WILLIAM M. Tuompson 


ABSTRACT: 


Decreased renal function following arteriography is much more common than is 
currently realized. Steps to detect this failure are necessary, especially in high risk 
patients, so that stressful situations such as surgery can be avoided. A recently per- 
formed prospective random study of 100 patients undergoing angiography demon- 
strated a 10% incidence of renal failure. Those patients most at risk had preexisting 
renal disease as indicated by an elevated serum creatinine and/or cardiovascular 
disease severe enough to require digoxin, diuretics, or nitroglycerin. No cases of 
renal failure occurred in the absence of one or both of these processes. The likelihood 
of postangiographic renal failure was unrelated to the quantity of contrast as 
measured either by total volume or per kilogram body weight. 


INTRODUCTION 


Toxicity of intravenous contrast media has 
been a matter of concern since the tech- 
nique was first used. In the 1950s and early 
1960s the serious and frequent complica- 
tion of renal failure secondary to admin- 
istration of angiographic contrast media 
was recognized and documented by pro- 
spective studies [1-6]. With the introduc- 
tion of newer and safer contrast media, the 
incidence of renal failure diminished and 
was no longer considered a major problem 
[7-12]. Although renal toxicity has been 
demonstrated with the newer media both 
clinically and experimentally [13-15], studies 
indicate that current contrast is safe (table 
1). Recently Port et al. [20] reported eight 
cases of renal failure secondary to arteriog- 
raphy. This was not a high incidence con- 
sidering that 7,400 studies were performed 
over a period of 6 years. This was a retro- 
spective study, however, and the authors 
suggested that there may have been a con- 
siderably higher incidence than detected. 
Two recent cases of renal failure were de- 
tected in rapid succession in our hospital. 
Both occurred immediately postangiog- 
raphy, and both were initially uncovered in 


our radiology department on the basis of a 
persistent 24-hr nephrogram. Stimulated 
by these observations, a prospective study 
on 100 randomly chosen patients was un- 
dertaken to determine the incidence of 
renal failure after angiography. This paper 
reports the results of this study. 


MATERIALS AND METHODS 


A 24-hr postangiogram abdominal film was 
used as the initial method of detection of renal 
failure. A persistent nephrogram indicates poor 
excretion of the contrast and has been shown 
to be associated with renal failure [22] (fig. 1). 
The film of the abdomen was obtained on 100 
random patients undergoing various types of 
arteriography. The contrast media used were 
salts of diatrizoates or iothalamates in concen- 
trations and amounts within generally ac- 
cepted levels. A 24-hr film was reviewed by 
one of us. When a persistent nephrogram was 
observed, serum creatinines were obtained for 
three consecutive days. Creatinines were not 
routinely obtained in patients without a posi- 
tive nephrogram. A preangiographic creatinine 
level greater than 1.2 mg/1oo ml was used as 
the criterion for preexisting renal disease. De- 
terioration in renal function subsequent to an 
angiogram was considered to have occurred if 
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TABLE 1 


RENAL FAILURE DUE To Contrast MEDIA 


REFERENCE YEAR CONTRAST 
Miller et al. [6]............. 1953 Diiodinated 
FODONER Lalo sci apcavasundes 1955 Diiodinated 
A T AEE AO 1956 Diiodinated 
Edling and Helander [2]. .... 1957 Diiodinated 
Bartley et al. [16].......... 1969 Triiodinated 
Metys et al. [17]........... 197I Triiodinated 
Reiss etal [E] ea 1972 Triiodinated 
Doust and Redman [19]..... 1972 Triiodinated 
POrt GF BL. DOl. snas 1974 Triodinated 


Brewster et al. [21]......... 1975 Triiodinated 


* Prospective study. 


the serum creatinine level changed by at least 
20% or 0.3 mg/100 ml. 


RESULTS 


Of the 100 patients initially in the study, 
10 were eliminated because of insufficient 
data. Of the remaining 90, 17 had a positive 
nephrogram at 24 hr. Nine of the 17 
showed a significant change in renal func- 
tion, indicating a 10% incidence of renal 
failure. Table 2 and figures 2 and 3 show 
the change in serum creatinine levels in 
these nine patients. One patient was oli- 
guric for 24 hr but due to laboratory error, 
renal function studies were not obtained 
until the failure had been resolved. The in- 
cidence of failure detected was consider- 
ably higher than has been reported with 
current contrast media [16-21]. 


Additional Data 


During the 4 months of the prospective 
study, five patients not included in our 
random selection also developed clinically 
documented renal failure following an- 
giography (table 2 and fig. 4). Of this com- 
bined group of 14 patients, 1o had renal 
failure of sufficient magnitude to be life 
threatening, especially if they were to be 
subjected to further stress. 

The amount of contrast media used and 
the type of angiographic study performed 


RENAL 
CoMPROMISE 
Type oF STUDY No. Stupiep No. A 
Translumbar 250 4 1.6 
Abdomen 186 10 ‘3 
Abdomen 13,207 39 3 
Abdomen 302 7 2.3 
Abdominal-renal 26 O o* 
Abdomen IIO O o* 
Abdominal-renal 2,710 8 0.29 
Abdominal-peripheral 7I 2 2.8 
Various 7,400 8 &;i 
Abdomen 190 I 0.5 





in this combined group of patients are 
summarized in table 3. Possible predis- 
posing factors are listed in table 4. 


CASE REPORTS 
Case I 


B. D. (patient no. 14) had an aortofemoral 
arteriogram for evaluation of peripheral vascu- 
lar disease. The patient was being treated with 
digoxin for congestive heart failure. Renal 
function was within normal limits with a serum 
creatinine level of 1 mg/100 ml prior to the 
angiogram. During angiography, the patient 
received 100 cm? of Renografin 60 and 100 cm? 
of Renografin 76 (2.0 cm’/kg body weight). 
The morning following angiography, the pa- 
tient’s serum creatinine level was 3.0 mg/100 
ml, but this result was not available prior to 
surgery. Immediately following surgery the 





Fic. 1.—Persistent nephrogram 24 hr after 
arteriography. Contrast in gallbladder is from cathe- 
terization; patient did not have gallbladder study. 


ANGIOGRAPHICALLY INDUCED RENAL FAILURE 


TABLE 2 


CHANGES IN RENAL FUNCTION 
AFTER ANGIOGRAPHY 


INCREASE IN SERUM CREATININE 


Patient No. Mg/100 ml % 

Primary study: 
REAT RAIAN EAE NEAT 2.1 95 
Di cudetunecaqentaw see 2.5 109 
e ST A ere errr 0.5 2I 
eg PET EENET ET 1.0 67 
LORNE OUR e RES 0.6 60 
DP .rxcdnwedeeeseankeaar 0.5 20 
s Ee FE er eee 0.3 30 
S ixtdaccnndameuneaes 3.3 140 
ren OEE ETET 

Additional cases: 
eee ere E 1.4 93 
E E E E watts 4.3 220 
“ECCT eee tees 5.8 252 
OT cite EE E 3.0 230 
E paid oud eum TE OE 2.0 200 


* Oliguric but insufficient laboratory data. 


patient developed severe renal failure (creati- 
nine=6.5 mg/t1oo ml) which returned to nor- 
mal on the ninth postoperative day. 

Comment. It is important to detect changes in 
renal failure following arteriography so that 
stressful situations which may lead to further 
renal failure and even death may be avoided. 
Surgery is the most common form of such 
stress. It is not at all unusual to have angiogra- 
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Fic. 2.—Serum creatinine levels (mg/100 ml) in 
eight patients with postangiographic renal failure. 
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levels in eight patients with postangiographic renal 
failure. 
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phy performed the day prior to surgery without 
reevaluation of the patient’s renal status be- 
tween the two events. The complication of sig- 
nificant renal failure may have been avoided 


if the laboratory results had been known prior 
to the operation. 


Case 2 


E. B. (patient no. 8) was evaluated angio- 
graphically for brachiocephalic, renal vascular, 
and aortofemoral occulsive disease. She had 
mild renal insufficiency (serum creatinine of 1.5 
mg/1oo ml) at the time of the study. She re- 
ceived 340 cm? of Renografin 76 and 40 cm? of 
Renografin 60 (4.3 cm*/kg body weight). 
Following arteriography, renal failure was de- 
tected on the basis of the 24-hr abdominal 
film. Renal function studies showed a 140% 
elevation of serum creatinine to 3.6 mg/Ioo ml. 
These renal abnormalities cleared with diuretics 
and fluids in approximately 4-5 days. Since the 
surgery was not an emergency, she was dis- 
charged and returned 6 weeks later for an 
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Fic. 4.—Serum creatinine levels (mg/100 ml) in 
five patients not included in primary study. 


elective procedure. Her creatinine at this time 
was still elevated (2.2 mg/1oo ml). Following 
aortofemoral bypass surgery, she developed 
further renal deterioration with the creatinine 
rising to 2.9 mg/100 ml. However, this returned 
promptly to her previous level. 

Comment. In this patient, knowledge of the 
renal failure prior to surgery allowed the elec- 
tive operation to be delayed and may have 
prevented more severe renal damage from 
occurring after surgery. 


DISCUSSION 


The pathogenesis of renal failure follow- 
ing contrast injection has received consid- 
erable attention. Several mechanisms have 
been postulated: precipitation of Tamm- 
Horsfall proteins [22, 23]; increased blood 
viscosity due to aggregation and clumping 
of red cells [24-27]; direct toxic effect on 
the renal tubules [7, 28, 29]; allergic reac- 
tions including antibodies to sodium iothal- 
amate [30, 31]; uricosuric effect [32]; and 
anoxia due either to replacement of oxy- 
genated blood by contrast or to a shift of 
the oxyhemaglobin curve to the left [33]. 
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Osmotic nephrosis has been detected after 
contrast studies, but the relationship of 
this histologic entity to clinical renal fail- 
ure is not certain [34]. The importance of 
each of the above in renal failure due to 
contrast media is uncertain. 

Prior to angiography, those patients who 
are most likely to develop renal compro- 
mise as the result of the procedure should 
be identified. Our study indicates that the 
patient most at risk is hypertensive, has 
preexisting renal disease as evidenced by 
elevated serum creatinine, has some form 
of cardiovascular disease severe enough to 
require digoxin, diuretics, or nitroglycerin, 
and may be in congestive heart failure 
(table 4). In our series, no patient had 
multiple myeloma, and only one had hy- 
peruricemia. The role of diabetes mellitus 
may be significant, since four of the 14 
patients had this disease. 

Ten of the 14 patients who developed 
renal failure had preexisting renal disease 
(table 4). This has prompted us to obtain 
serum creatinines prior to all angiographic 
procedures. The clinical review of systems 
was most often negative with regard to pre- 
existing renal disease and is not by itself a 


TABLE 3 


ANGIOGRAPHIC DETAILS IN PATIENTS 
WITH RENAL FAILURE 





Amount OF CONTRAST 


Patient Cm?/kg Total TYPE OF 
No. Body Weight (cm®) ANGIOGRAPHIC Stupy* 
Cees 2.0 170 Multiple 
= MAA 4.6 200 Multiple 
Bis 1.9 166 Multiple 
rer 2.7 178 Multiple 
AET 4.6 256 Arch 
AEST 4.3 226 Multiple 
a EEN 1.9 140 Aortofemoral 
Betaves 2.4 380 Multiple 
ae 3.8 240 Multiple 
1Oivcsie’ 4.1 410 Multiple 
| ATEN o Fg 190 Arch 
oe 5.0 270 Multiple 
: te APREA iå 85 Heart Catheterization 
T RENE 2.8 200 Aortofemoral 


*Multiple= flush aortogram and at least one selective injection. 
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TABLE 4 
CLINICAL DETAILS IN PATIENTS WITH RENAL FAILURE 
Preexisting Congestive High 
Renal Heart Blood 
Patient No. Primary Diagnosis Disease Failure Pressure Cardiovascular Medication 
eee Nephrotic syndrome -+ -+ + Digoxin, diuretics 
OE ASCVD 4 -1 ~t- Lanoxin, diuretics 
SEE Renovascular hypertension =- -+ Antihypertensives, Inderal 
PEE E Hypernephroma + None 
See iewas ASCVD, mitral regurgitation sas Digoxin, Persantine 
We jabs sed Aortic aneurysm + = Digoxin, antihypertensives 
re ASCVD me ig + Inderal, nitrogylcerine 
ERE ASCVD, rheumatic heart + + -+ Diuretics, antihypertensives 
disease 
@........ ASCVD ptt 2s Digoxin, nitroglycerine 
rr left hydronephrosis, CAD +. = Nitroglycerine 
(| AO oe ASCVD + Eaa Digoxin, diuretics 
1 ee Bilateral hydronephrosis + are + None 
A TEPE Endocarditis, mitral and + + + Digoxin, diuretics 
aortic regurgitation 
Pe om sien ASCVD + + Digoxin 





sufficient technique for screening. 

Cardiovascular disease was present in 12 
of the 14 patients who developed renal 
failure (table 4). Of these 12 patients, nine 
had arteriosclerotic vascular disease mani- 
fested by transient cerebral ischemic at- 
tacks, angina, or claudication. One patient 
had severe rheumatic heart disease with 
two prosthetic valves, one had severe renal 
vascular hypertension, and one had ne- 
phrotic syndrome complicated by conges- 
tive heart failure. While only five of these 
12 patients had congestive heart failure, 
all 12 had cardiovascular disease significant 
enough to require digoxin, diuretics, or 
nitroglycerin. 

The generally accepted upper limits of 
dose tolerance for contrast media in an 
angiographic study vary up to a total of 
5 cm’/kg body weight during the entire 
procedure. In our series (table 3), renal 
failure developed in patients who received 
as little as 1.4 cm3/kg (85 cm? total) during 
a cardiac catheterization. Although as 
much as 5 cm®/kg was given in one patient, 
the average dose in patients entering into 
renal failure was 3 cm?/kg.) No correlation 
was seen between the amount of contrast 
(either total or per kilogram body weight) 


and the severity or likelihood of developing 
renal failure. 

No single angiographic procedure pre- 
disposed the patient to postangiographic 
renal failure. Two of the patients had 
aortofemoral arteriograms, one had cardiac 
catheterization, three had arch arterio- 
grams, and nine had multiple injections, 
including at least one selective renal injec- 
tion in six. One of the 14 patients had an 
obvious allergic reaction to the contrast 
media, developing a mild urticaria which 
responded promptly to parenteral Benadryl. 
In no case was sustained hypotension docu- 
mented during any of the angiographic pro- 
cedures. 

Patients are often fasted after midnight 
while in the hospital. Specific clear liquid 
breakfast orders are routine prior to angiog- 
raphy in our department. No doubt many 
patients were inadvertently fasted for vari- 
able periods prior to angiography, and we 
are unable to comment upon the signifi- 
cance of dehydration in contributing to 
renal failure. 

Several patients had other contrast stud- 
ies (intravenous pyelography, cardiac cath- 
eterization, etc.) the day before or after 
angiography. In light of our findings, this 
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added insult to the kidneys could only be 
detrimental and may under some circum- 
stances have been the deciding factor as to 
whether the patient developed renal failure. 
Several days should elapse between con- 
trast studies if the patient’s condition 
permits. When delay is not possible, the 
patient should be carefully monitored for 
renal failure for several days. 

The importance of the positive nephro- 
gram should be considered: 53% of our 
patients who showed contrast media lying 
within the renal parenchyma on the 24-hr 
films had documented renal failure. Chart 
review of the majority of cases without a 
positive nephrogram, and in whom routine 
laboratory studies were not obtained, re- 
vealed no instances of clinical renal failure. 
Sufficient laboratory data was available for 
30% of these patients to exclude subclinical 
renal failure. 

We are currently performing a larger 
study which includes a renal profile both 
before and after arteriography in all pa- 
tients studied rather than just those with 
a positive nephrogram. This will give a 
broader appreciation of the full scope of the 
problem of renal failure as it relates to 
angiography. The profile includes a KUB 
using identical geometry and radiographic 
factors before and after angiography. This 
should provide a better baseline for more 
accurate determination of a positive neph- 
rogram. The role of the KUB as a sensitive 
tool in the investigation of postangio- 
graphic renal failure will thus be more 
accurately evaluated. 
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ARTHROGRAPHIC EVALUATION OF INJURIES OF 
THE FIRST METACARPOPHALANGEAL JOINT: 
GAMEKEEPER’S THUMB 


Dona_p Resnick! anp Larry A. Danzic? 


ABSTRACT: 


The radiographic evaluation of gamekeeper’s thumb is described in an experimen- 
tal study in nine cadaveric hands. After the application of radial stress at the 
metacarpophalangeal joint in the extended and abducted thumbs in an attempt to 
create defects in the ulnar collateral ligament, initial and stress radiography and 
arthrography were employed. In four cadavers a fracture of the proximal phalanx 
was noted; stress radiography revealed variability in joint stability. Arthrography 
outlined ulnar extravasation in six of the nine cadavers; surgical confirmation of a 
capsular tear was obtained following careful dissection in each of these six cadavers. 
It would appear that plain films, stress radiography, and arthrography complement 
each other in the diagnosis of gamekeeper’s thumb. 


Ligamentous injuries along the ulnar as- 
pect of the metacarpophalangeal joint of 
the thumb have received considerable at- 
tention [1-3]. Initially described as an occu- 
pational hazard in English gamewardens 
who destroyed rabbits by twisting their 
necks, thus sustaining repeated stresses 
about this articulation (fig. 14), the condi- 
tion became known as gamekeeper’s thumb 
[4]. More recently, similar injuries have 
been noted in skiers (fig. 1B) [5]. In either 
case this is a significant condition resulting 
in instability of pinch. It is our purpose to 
outline the radiographic evaluation of 
gamekeeper’s thumb from observations 
made on a group of cadavers, emphasizing 
arthrographic abnormalities. 


MATERIALS AND METHODS 


Fresh nonembalmed hand specimens in nine 
cadavers were utilized in the investigation. In 
each case radial stress at the metacarpophalan- 
geal joint was applied in the extended and ab- 
ducted thumb. Plain films and stress radio- 
graphs were then obtained. Arthrography of the 
first metacarpophalangeal joint was accom- 
plished using 1-13 cm® of contrast material 
(Renografin 60, Squibb). Injection was made 





into the joint from a dorsoradial approach with 
fluoroscopic monitoring. Careful surgical dis- 
section of the ligamentous apparatus on the 
ulnar aspect of the articulation was performed 
by one of us (L. Danzig) in the nine cadavers 
without knowledge of the radiographic findings. 


ANATOMIC AND PATHOLOGIC 
CONSIDERATIONS 


The metacarpophalangeal joint of the 
thumb is a diarthrodial articulation with a 
loose joint capsule. It derives its stability 
from surrounding collateral, accessory col- 
lateral, and palmar ligaments as well as in- 
trinsic muscles (fig. 2) [6]. The collateral 
ligaments course from the dorsoulnar and 
radial aspects of the metacarpal head in a 
volar direction, attaching to the lateral 
tubercle of the proximal phalanx. The ac- 
cessory collateral ligaments originate adja- 
cent to the collateral ligaments and attach 
to the volar plate. 

There have been conflicting opinions re- 
garding the site of injury in gamekeeper’s 
thumb. Kaplan [7] believes that capsular 
tearing in the dorsal expansion between the 
tendons of the extensor pollicis longus and 


This work was supported in part by Veterans Administration grant no. 7406. 
1 Department of Radiology, University Hospital, University of California at San Diego, and Veterans Administration Hospital, 


San Diego, California 92161. 


? Department of Orthopedic Surgery, University Hospital, University of California at San Diego, and Veterans Administration 


Hospital, San Diego, California 92161. 


1046 


ARTHROGRAPHY OF THUMB 


the adductor pollicis is the initial abnor- 
mality. It is generally held, however, that 
the most frequently damaged structure is 
the ulnar collateral ligament [4, 8]. This 
ligament may be avulsed from its distal 
phalangeal attachment or, more rarely, its 
proximal metacarpal attachment. A small 
piece of bone may accompany the avulsion 
[6, 8, 9]. Usually, the dorsoulnar capsule 
tears in conjunction with defects in the 
ulnar collateral and accessory collateral 
ligaments and volar plate [2, 6], although 
the capsule is occasionally intact [9]. Ar- 
ticular cartilage injury may be an asso- 
ciated abnormality [2, 6] leading to signifi- 
cant arthrosis. 

Stener [3], in an evaluation of 40 patients, 
described a characteristic displacement of 
the ruptured ulnar collateral ligament 
(fg. 3). During surgical observation, he 
noted that the ulnar expansion of the dorsal 
aponeurosis was interspersed between the 
ruptured end of the ligament and its site of 
attachment to the phalanx. He postulated 
that in time the torn end of the ligament 
could pass beyond the proximal edge of the 
adductor aponeurosis. 


RESULTS 


Initial radiographs were negative in five 
of the nine cadavers (table 1). In the re- 
maining four, fractures of variable size 
originating from the ulnar aspect of the 
proximal phalanx were evident. The frag- 
ments remained near their site of detach- 
ment or were displaced slightly proximally; 
rotation of the piece of bone occurred in 
two cadavers (fig. 44). 

X-rays taken during radial stress were 
obtained in seven of the nine cadaveric 
hands. Separation at the ulnar aspect of 
the joint between the metacarpal and 
proximal phalanx varied from 2 mm (two 
cadavers) to 7 mm (one cadaver). In the 
two hands with the greatest separation 
(6 mm and 7 mm), fractures of the proximal 
phalanx were present (fig. 4B). 

Arthrography was performed in all nine 
specimens; normal findings were noted in 
three (figs. 54 and 5B). Extravasations of 
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Fic. 1.—A, Classic mechanism of injury. To kill a 
wounded rabbit, gamekeeper extends rabbit’s neck 
and applies traction. Although a strong pull in direc- 
tion of arrow would normally exert pressure only in 
cleft between first and second fingers, a loose grip 
produced strain along ulnar aspect of thumb (curved 
arrow) stretching ulnar collateral ligament. B, Mod- 
ern mechanism of injury. Incorrect implantation of 
ski pole produces abduction and extension of thumb 
(arrow) as momentum carries skier downhill. This 
creates stress on ulnar aspect of first metacarpopha- 
langeal joint with injury to ulnar collateral ligament. 
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| e e 
Fic. 2.—Anatomy of ligaments of metacarpophalangeal joint of thumb. 4, Dorsal aspect showing radial 
(R) and ulnar (U) sides of metacarpophalangeal joint. Tendon of extensor pollicis longis (c) passes over 
metacarpophalangeal joint running from proximal to distal aspect of digit. Adductor pollicis muscle (a) in- 
serts in part on the proximal phalanx, some of its fibers fusing with a portion of the dorsal aponeurosis, 
termed the adductor aponeurosis (4). B, Ulnar aspect showing adductor pollicis (a), adductor aponeurosis 
(4), and tendon of the extensor pollicis longus (c). In lower drawing the adductor pollicis has been incised 
and opened exposing ulnar collateral (d) and accessory collateral (e) ligaments. C, Coronal section of first 


metacarpophalangeal joint. Note position of ulnar (d) and radial (f) collateral ligaments. 


variable size occurred along the ulnar as- 
pect of the joint in the other six cadavers: 
in cadavers 1 and 3 a fanlike pattern of 
extravasation occurred opposite the joint 
(fig. 64); in cadavers 1, 6, and 8 the ex- 
travasated dye flowed distally along the 
phalanx (fig. 6B), and in cadavers 5,7, and 
8 the extraarticular dye flowed in a proxi- 
mal direction along the metacarpal (figs. 
6C and 6D). In two cadavers (nos. 1 and 3) 


radial extravasation also occurred at the 
site of needle puncture (fig. 64). 
Dissection demonstrated abnormalities 
in six of the cadavers; in three, no defects 
in the ligamentous apparatus or capsule 
could be seen (fig. 5B). In cadavers 1, 3, 6, 
and 7, capsular tears were associated with 
avulsed phalangeal fragments (fig. 6D); the 
ulnar collateral ligaments were attached to 
the displaced bone and were not torn. In 


TABLE 1 


ANALYSIS OF THUMBS 

















Cadaver No. Plain Films Stress Films* Arthrograms Dissections 
be Fracture of proximal phalanx N.D. + a 
2... oe 4 — — 
e A Fracture of proximal phalanx N.D. + -= 
r TEN 4 — — 
ee ve 5 -+ + 
ae Fracture of proximal phalanx 6 -1 = 
r PE Fracture of proximal phalanx 7 =- == 
Baw 2 + + 
: 2 -— — 


* Numbers represent measurement (mm) of widest separation of metacarpal and proximal phalanx at metacarpophalangeal joint. 


N.D. = not done. 
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one (cadaver 8), defects of the ulnar col- 
lateral ligament and capsule near the base 
of the proximal phalanx were apparent. In 
enother case (cadaver 5) the avulsion of 
the ulnar collateral ligament occurred at its 
metacarpal attachment in association with 
2 capsular tear. In no instance was inter- 
position of the dorsal aponeurosis between 
the torn ligament and its phalangeal at- 
tachment noted. 


DISCUSSION 


Gamekeeper’s thumb is a significant in- 
jury resulting in attenuation and/or dis- 
ruption of the ligamentous apparatus along 
the ulnar aspect of the first digit. The prob- 
lem may be difficult to diagnose clinically 
[5, 10], although pain, swelling, tenderness, 
edema, and pinch instability may be im- 
portant symptoms and signs. X-ray evalu- 
ation includes plain film and stress radiog- 
raphy as well as arthrography. 

Initial radiographs (positive in four of 
our cadavers) may disclose avulsed frag- 
ments from the base of the proximal 
phalanx [3, 6, 9]. The fractured piece of 





Fic. 3.—Dorsal aspect of first metacarpophalan- 
geal joint following rupture of ulnar collateral liga- 
ment. With time, torn ligament (d) can protrude 
from proximal edge of adductor aponeurosis (4), the 
latter preventing its return. (Modified with permis- 
sion from Stener B: Displacement of the ruptured ul- 
nar collateral ligament of the metacarpo-phalangeal 
joint of the thumb. A clinical and anatomical study. 
7 Bone Joint Surg 44B:869-879, 1962) 
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Fic. 4.—4, Small fragment of bone detached by 
ulnar collateral ligament from ulnar aspect of proxi- 
mal phalanx. B, Stress radiograph of cadaver 7 show- 
ing avulsed fragment of bone from ulnar aspect of 
proximal phalanx (arrow). Wide separation of pha- 
lanx and metacarpal is apparent. 
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Fic. 5.—Normal arthrogram of cadaver 4. 4, Con- 
trast outlines distended first metacarpophalangeal 
joint with no evidence of extravasation. B, Surgical 
dissection of ulnar aspect of joint revealing intact 
ulnar collateral ligament. Overlying soft tissues have 
been retracted to expose ulnar side of metacarpal 
head and proximal phalanx. Ulnar collateral ligament 
(arrow) is not disrupted. 


bone may be displaced proximally and ro- 
tated from 45° to go° [3]. In addition, 
ossific flecks or exostoses may be noted [6]. 

Since the initial films are frequently 
negative, stress x-rays may be necessary to 
evaluate joint stability [2, 4, 6-11]. Ade- 
quate anesthesia and comparison films of 
the opposite side are required. Radial sub- 
luxation with widening of the ulnar aspect 
of the joint is noted although some variabil- 
ity exists in the normal stability of the 
first MCP joint [6]. In our series, radio- 
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graphs in radial stress were obtained in 
seven cases, and comparison views were not 
available. Although the three cadavers with 
the widest separation between metacarpal 
and phalanx (5, 6, and 7 mm) had ligament 
tears on direct observation, one additional 
cadaver with a 2-mm separation had ab- 
normality of the ligamentous apparatus 
and two cadavers, each with 4-mm separa- 
tions, did not. Thus the degree of separa- 
tion at the joint space in the normal and 
abnormal thumb is somewhat variable, and 
stress radiographs may be inconclusive. 

Linscheid [10] employed arthrography in 
the evaluation of the injured first meta- 
carpophalangeal joint and treated con- 
servatively those patients who failed to 
demonstrate a definite capsular tear. He 
suggested that the folded position of the 
ulnar collateral ligament as described by 
Stener [3] could be visualized. Arthrogra- 
phy was obtained in all nine cadavers in our 
series and revealed capsular leaks on the 
ulnar aspect of the first MCP joint in six. 
In each of these cases surgical dissection 
confirmed the presence of a defect in the 
capsule. Arthrography is safe and easy, re- 
quiring only local skin anesthesia. 

From our results, it appears that initial 
and stress radiography and arthrography 
may complement one another in the diag- 
nosis of gamekeeper’s thumb. Displace- 
ment of an avulsed bony fragment and/or 
abnormal mobility indicate joint instability 
and may obviate the need for arthrography. 
In addition, arthrography may be negative 
if the ulnar collateral ligament is injured 
but the capsule is intact. In patients whose 
initial and stress films are negative or equiv- 
ocal, arthrography will accurately outline 
the capsular tear. 
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Fic. 6.—Abnormal arthograms of cadavers 3 (4), 6 (B), and 7 (C and D). A, Fanlike extravasation of con- 
trast material on ulnar aspect of joint (arrow). Note radial extravasation at needle site. B, Extravasated dye 
flowing distally along ulnar aspect of proximal phalanx (arrow). C, Extraarticular dye flowing proximally 
along ulnar aspect of first metacarpal (arrow). D, Dissection showing space (arrow) between avulsed fragment 
and its origin on proximal phalanx. 
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ISOLATED FRACTURE OF THE MEDIAL PORTION 
OF THE LATERAL MASS OF THE ATLAS: 
A PREVIOUSLY UNDESCRIBED ENTITY 


E. Gait BARKER, JR.,! JEROME KRUMPELMAN, AND Joun M. Lone 


ABSTRACT: 


Four cases of fracture of the medial aspect of the lateral mass of the atlas are 
presented. Unlike most cases of atlantal fracture, definite history of a blow to the 
vertex could not be established. While the exact mechanism of injury is unknown, 
it is postulated that the bone fragment is produced by a combination of stretching 
the ligamentum transversarium and pressure on the lateral mass due to contraction 
of the neck muscles. All four patients were neurologically intact and complained of 
pain in the distribution of the greater occipital nerve. It is suggested that this 
fracture might be identified more often in patients with similar histories and com- 
plaints by use of laminagraphy, since part or all of the atlas is frequently obscured 
on routine open mouth roentgenograms of the upper cervical spine. 


During the past year four cases of fracture 
of the lateral mass of the atlas were en- 
countered. In three of them no other asso- 
ciated abnormality of the cervical spine or 
skull could be demonstrated. This small 
series is being reported for several reasons: 
(1) a reference describing the radiographic 
diagnosis of this fracture as an isolated 
entity could not be found; (2) the fracture 
may be incurred by mechanisms other than 
those usually associated with atlantal frac- 
tures; (3) routine cervical spine films may 
appear normal, with laminagraphy re- 
quired for demonstration of the fracture; 
and (4) rather than being extremely rare, 
this fracture may occasionally prove to be 
the cause of persistent pain in the sub- 
occipital region following a variety of 
head and neck injuries including those of 
the whiplash type. 


CASE REPORTS 
Case I 


A 27-year-old male was seen in the emergency 
room complaining of pain and numbness behind 
his left ear which had been present since he 
fell and struck the back of his head 84 months 


previously. Rotation of his head to either side 


produced pain in the suboccipital region, and 
he was tender to palpation in this area bilater- 
ally. Neurological examination was otherwise 
normal. Cervical spine roentgenograms demon- 
strated a Jefferson fracture of the atlas with 
lateral displacement of both lateral masses 
(fig. 14). Laminagraphy was performed which 
demonstrated, in addition to the bursting frac- 
ture of Jefferson, a fragment of bone which 
originated from the medial aspect of the left 
lateral mass (fig. 1B). 


Case 2 


A 34-year-old male who had been involved 
in an automobile accident 12 hr earlier came to 
the emergency room complaining of pain in the 
left upper portion of his neck which radiated 
into the suboccipital area. He was vague re- 
garding details of the accident but did not recall 
sustaining a blow to the vertex. Neurological 
examination revealed no sensory or motor loss. 
Deep tendon reflexes were normal. Cervical 
spine roentgenograms were obtained: the lateral 
view was normal, but the frontal open mouth 
view revealed a vertical fracture through the 
midportion of the left lateral mass of the atlas 
with no significant displacement of the frac- 
ture fragment (fig. 24). No associated injuries 
were found. Laminagraphic examination con- 
firmed the plain film roentgenographic findings 
(fig. 2B). 


Presented at the annual meeting of the American Roentgen Ray Society, Atlanta, Georgia, October 1975. 
! All authors: Department of Diagnostic Radiology, University of Kentucky Medical Center, Lexington, Kentucky 40506. 
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Fic. 1.—Case 1. 4, Open mouth view showing lateral displacement of lateral masses of C1. B, Laminag- 
raphy demonstrating fracture of medial portion of left lateral mass in addition to bursting fracture. 


Case 3 


A 25-year-old female was driving her auto- 
mobile while wearing a shoulder harness. She 
had come to a full stop at an intersection, when 
she was struck from the rear by another vehicle. 
She experienced a violent whiplash type of 
motion but denied striking her head on any 


AL 





object in the automobile. Subsequent physical 
examination did not reveal any bruises or 
lacerations about the head or neck. After the 
accident, she had severe pain and tenderness in 
the suboccipital region, greater on the right 
than on the left. The pain radiated into the 
right jaw. On initial physical examination she 


E. 


Fic. 2.—Case 2. 4, Open mouth view showing vertical fracture through midportion of left lateral mass of 
atlas without significant displacement of fracture fragment. B, Laminagraphy demonstrating fracture in 


more detail. 


FRACTURE OF ATLAS 


was unable to extend her neck fully. Full left 
and right lateral rotation was possible but was 
extremely painful beyond 30°. No motor 
weakness or sensory deficit was demonstrable, 
and deep tendon reflexes were normal. Routine 
cervical spine roentgenograms were normal 
(figs. 34 and 3B). Because of the persistent 
severe suboccipital pain, laminagraphy was 
performed which revealed a vertical linear 
fracture of the medial aspect of the lateral mass 
of the atlas on the right side (fig. 3C). This 
patient is the only one in which prolonged 
follow-up has been possible. One year after the 
injury she was still symptomatic with pain 
in the right suboccipital region and consider- 
able muscle spasm. She denied significant 
lessening of the pain since the time of injury. 
The follow-up laminagraphic examination of 
the cervical spine showed the fracture line still 
to be present, but sclerosis was beginning to 
appear along the borders and the fracture line 
had lost sharpness (fig. 3D). 


Case 4 


A somewhat confused 58-year-old male was 
seen in the emergency room for evaluation of 
tinnitus, dizziness, and pain in the postauricu- 
lar area bilaterally. He was a poor historian but 
thought that he might have fallen recently. 
Roentgenograms of the cervical spine demon- 
strated a possible fracture of the medial aspect 
of the left lateral mass of the atlas (fig. 44). 
Laminagraphy showed that there was a small 
chip fracture of the superiomedial aspect of the 
left lateral mass (fig. 4B). The patient was 
lost to follow-up after his initial emergency 
room visit. 


DISCUSSION 


Fractures involving the atlas are rela- 
tively rare because of the well-protected 
anatomical location of this vertebral body. 
Atlantal fractures are reported to com- 
prise from 2% to 13% of all fractures of 
the cervical spine and about 1.3% of frac- 
tures of the entire spinal column |1]. In 
our experience the incidence has been 
toward the lower end of the cited range. 
Most fractures of the atlas are the result of 
a fall or blow to the head by a semicom- 
pressible object, the point of impact gen- 
erally being in the region of the vertex. 
The most commonly seen fracture of the 
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atlas involves one or both posterior arches, 
the fracture line passing close to or through 
the groove of the vertebral artery. Also 
relatively common is the bursting fracture 
of Jefferson in which bilateral fractures of 
the anterior and posterior arches allow the 
lateral masses to be displaced laterally. 
Fractures of the anterior arch alone are less 
common and may be vertical or horizontal 
in orientation. The horizontal fracture is 
extremely rare [1-3]. 

Atlantal fractures are commonly seen in 
association with other injuries of the cervi- 
cal spine and skull, especially fractures of 
the odontoid or the body and arches of the 
axis; these additional injuries are frequently 
the determinants of the patient’s clinical 
course. 

Plaut [4], in his exhaustive review of 
atlantal fractures, states that the three 
mechanisms of fracture of the atlas are (1) 
an atlantal squeeze due to fixation of the 
head and spine by contracting musculature; 
(2) a leverlike action on the posterior arch; 
and (3) pressure of the odontoid against the 
anterior arch. It is not clear which of the 
above mechanisms, if any, were involved in 
production of the isolated fractures seen in 
three of our patients. It is possible that 
sudden muscular contraction and flexion 
were both important contributors. The 
laminagraphic studies show that the frac- 
ture fragments originated from or lateral 
to the tubercle to which the ligamentum 
transversarium attaches. It may be that in 
these cases acute flexion of the neck re- 
sulted in the bone fragments being avulsed 
by the ligamentum transversarium as it 
stretched across the posterior surface of 
the odontoid. This type of motion usually 
produces a fracture of the odontoid with 
forward dislocation and, on rare occasions, 
results in rupture of the ligamentum trans- 
versarium. It is difficult to imagine this 
type of force alone producing a fragment 
as large as that seen in case 2 without any 
other associated bony injury. In this latter 
instance, at least, one is led to postulate 
the additional factor of a sudden increase 
in pressure on the lateral mass in a vertical 
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Fic. 3.—Case 3. Routine lateral view (4) and open mouth view (B) are normal. C, Laminagraphy re- 
vealing vertical fracture of medial aspect of right lateral mass of atlas. D, Follow-up laminagraphic examina- 


tion I year after injury showing fracture line still to be visible but less sharp and with slight sclerosis present 
in bone adjacent to fracture. 


FRACTURE OF ATLAS 
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Fic. 4.—Case 4. 4, Routine open mouth view showing what appears to be fracture of superiomedial aspect 
of left lateral mass of atlas. B, Laminagraphy confirming presence of small chip fracture. 


direction due to muscular contraction. 

A frequent complaint in atlantal frac- 
tures, especially those involving the poste- 
rior arch near the groove of the vertebral 
artery, is pain in the distribution of the 
greater occipital nerve whose ganglion lies 
just below. the posterior arch of the atlas. 
All four of our patients had symptoms of 
pain referable to the distribution of this 
nerve without associated sensory or motor 
deficit. 

A literature search has failed to reveal 
any reproduction of a roentgenogram of an 
isolated fracture of the lateral mass of the 
atlas. Plaut [4] tabulated 40 reported cases 
of fractures of the atlas alone and 59 cases 
of fractures of the atlas in association with 
fractures elsewhere in the cervical spine or 
skull. In the first group there were four 
fractures involving the lateral mass. Three 
of these occurred in association with other 
fractures of the atlas. The only case stated 
to solely involve the lateral mass was one 
reported by Ludloff in 1906. This case was 
first tabulated by Jefferson [5] in 1919 in 
his original paper describing the bursting 
fracture of the atlas. Jefferson stated that 
he was aware of the case only by means of 
an abstract of the original article in the 
German literature. We also were unable to 
locate the original report of this case and 
thus cannot state how the fracture was 


diagnosed, although the diagnosis must 
have been clinical since the patient was 
reported to have survived his injury. 
Braakman and Penning [2] allude to the 
occasional occurrence of a small bone chip 
being torn from the medial side of the 
lateral mass by the transverse atlantal 
ligament, citing Von Torklus and Gehle 
[6]. Review of this reference, however, 
failed to reveal specific mention of this 
injury, and Von Torklus and Gehle do not 
mention it in their book [3]. The only 
illustration of this type of fracture which 
could be found was in a report by Sicard 
et al. [7] in which an avulsion of the medial 
portion of the lateral mass was seen in as- 
sociation with a complex bursting fracture 
of the atlas. 

Despite failure to locate illustrations or 
specific reports of this fracture as an 
isolated entity, it is felt that rather than be- 
ing rare, its occurrence may be overlooked. 
Without tabulating statistical incidence, 
review of a number of routine cervical spine 
examinations revealed that either the 
cephalad portion or the entirety of the 
lateral masses of the atlas were obscured 
by overlying bone structures on the open 
mouth view(s) in a large number of in- 
stances. Clear visualization of the lateral 
masses of the atlas, especially its superior 
aspect, is necessary for diagnosis of this 
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Fic. 5.—Laminagraphic view of atlas demonstrat- 
ing asymmetric but normal notches in medial por- 
tions of superior articular masses. 


fracture. It is conceivable that the fracture 
could be obscured by soft tissue densities 
alone when the fragment is small, even if 
the atlas is free of overlying bone struc- 
tures. 

The fracture was visible only on the 
frontal open mouth projections in our 
cases. (Submentovertex views were not 
obtained in the initial evaluations.) The 
other routine views were negative. Thus 
for a patient with neck or head trauma of 
any type who has pain in the distribution 
of the greater occipital nerve and negative 
routine cervical spine roentgenograms, 
laminagraphy should be performed to 
detect possible fracture of the medial por- 
tion of the lateral mass. 

The other more common injury which 
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may present with similar complaints and 
negative cervical spine roentgenograms, 
and which must be excluded, is a nondis- 
placed odontoid fracture. Such cases may 
have rather unremarkable symptoms, but 
they are not always so specifically localized 
to the distribution of the greater occipital 
nerve. 

The normal notchlike defect of variable 
depth which is seen frequently in the 
medial portion of the superior articular 
mass of the atlas should not be confused 
with a fracture (fig. 5). This defect is 
formed on its medial aspect by the margin 
of the medial tubercle of the lateral mass 
and laterally by the most concave portion 
of the superior articular facet [8]. 

Treatment of this fracture is not well 
defined. As with most fractures of flat 
bones, healing is slow (e.g., case 3). Cervi- 
cal collars, analgesics, and muscle relax- 
ants have been used with variable results 
in those cases which were followed. The 
symptoms produced by the fracture, as in 
some cases of odontoid fracture, do not 
always prompt the patient to seek immedi- 
ate medical treatment (e.g., case 1). 
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CONCOMITANT DISLOCATION AND INTRA- 
ARTICULAR FOREIGN BODY: A RARE 
COMPLICATION OF THE CHARNLEY 

TOTAL HIP ARTHROPLASTY 


Rospert E. CAmĮmPBELL! anD James P. MarveEL, JR.? 


ABSTRACT: 


In the Charnley total hip arthroplasty, periarticular foreign bodies represent po- 
tential foci for intraarticular migration at the time of hip dislocation. This complica- 
tion, although very rare, should be verified radiographically to prevent unsuccessful 
attempts at closed reduction. Although intraarticular radiopaque foreign bodies 
should be identified on plain radiographs of the hip, intraarticular radiolucent 
foreign bodies require positive-contrast arthrography for identification. Two illus- 


trative cases are presented. 


Dislocation with concomitant migration of 
an intraarticular foreign body is an ex- 
tremely rare complication of the Charnley 
total hip arthroplasty. The intraarticular 
foreign body, consisting of either a frag- 
ment of acrylic bone cement (polymethyl- 
methacrylate), a piece of fractured wire 
suture, or a focus of heterotopic bone, acts 
as a block to closed reduction, a maneuver 
generally successful in simple total hip dis- 
location. To our knowledge, this complica- 
tion of the Charnley procedure has not been 
reported previously. Thus the purpose of 
this paper is to alert both radiologists and 
orthopedists about it by presenting two 
illustrative cases. Correct radiological eval- 
uation of this complication will prevent 
unsuccessful, perhaps repeated, attempts at 
closed reduction of the dislocated hip. 


CASE REPORTS 
Case I 


O. M., an 85-year-old white female, had a 
left Charnley low friction total hip replacement 
in July 1973 for noninfectious complications 
following internal fixation of a previously com- 
minuted intertrochanteric fracture. She did well 
postoperatively and was walking without pain 
until October 1974 when her hip “gave way” 
after a rapid squatting maneuver. Her dislo- 
cated femoral prosthesis could not be reduced 


by the usual closed method, and at surgery an 
unsuspected intraarticular fragment of acrylic 
bone cement was discovered and removed. In 
retrospect, the intraarticular foreign body was 
evident on the immediate preoperative roent- 
genograms of the hip (fig. 14) and had mi- 
grated into the joint space from the periartic- 
ular soft tissues about the prosthetic femoral 
neck (fig. 18). At present the patient is again 
walking well without pain. 


Case 2 


E. H., a 72-year-old white female, had bi- 
lateral Charnley low friction total hip replace- 
ments, the right in December 1972 and the left 
in July 1973, with dramatic relief of constant 
excruciating pain from severe degenerative 
joint disease. One month following the left hip 
procedure, the wire sutures surrounding the 
osteotomized femoral greater trochanter were 
intact; however, the trochanter itself had mi- 
grated slightly superiorly. The patient, who 
lived alone despite senility, was then lost to 
follow-up until June 1975 when a daughter 
found her in bed unable to move her left hip. 
At that time, frontal and cross-table lateral ra- 
diographs revealed the dislocated left hip, frac- 
tured wire sutures about the superiorly dis- 
placed, ununited greater trochanter, and the in- 
traarticular fragment of wire suture (fig. 2). The 
patient was unable to give a history of trauma 
to the hip. Subsequently the intraarticular frag- 
ment of wire suture was surgically removed, and 


1 Department of Radiology, Pennsylvania Hospital, 8th and Spruce Streets, Philadelphia, Pennsylvania 19107. 
? Division of Orthopedic Surgery, Pennsylvania Hospital, 8th and Spruce Streets, Philadelphia, Pennsylvania 19107. 
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Fic. 1.—Case 1. 4, Preoperative roentgenogram of hip showing intraarticular fragment of polymethyl- 
methacrylate (arrow). B, Periarticular position of fragment of polymethylmethacrylate (arrow) 2 weeks be- 


fore dislocation of hip. 


the greater trochanter was reattached to the 
femur by additional heavy wire sutures. To 
date the patient has not redislocated her left 
hip. 

DISCUSSION 

During the past 2 decades total hip re- 
placements have enabled thousands of pie- 
viously incapacitated individuals to walk 
without pain. Today the Charnley pro- 
cedure is the most popular and successful of 
the total hip arthroplasties. 

Basically, all total hip arthroplasties in- 
clude replacement of both the diseased 
acetabulum and femoral head by prosthetic 
components which vary in design, size, and 
composition. The small head of the metallic 
femoral prosthesis, the high molecular 
weight polyethylene acetabular prosthesis, 
the acrylic bone cement used to anchor 
both prostheses to surrounding bone, and 


the greater trochanter osteotomized and 
subsequently reattached to the femur by 
multiple crossed heavy 18-gauge wire su- 
tures are distinctive features of the Charn- 
ley total hip replacement. 

Early critics of the Charnley procedure 
predicted frequent dislocations because of 
the 22-mm diameter “smaller than life” 
head of the metallic femoral prosthesis. In 
reality, dislocation is rare [1-3]. Two recent 
large series of Charnley hip procedures 
from the Mayo Clinic [2] and the Univer- 
sity of Southern California Medical Center 
[4] report a dislocation rate of 3% and 
4.2%, respectively. Dislocation of the fem- 
oral prosthesis occurs in the immediate 
postoperative period secondary either to 
forced adduction of the hip prior to forma- 
tion of a fibrous pseudocapsule or to opera- 
tive geometric malposition of the acetabu- 


COMPLICATIONS OF CHARNLEY HIP ARTHROPLASTY 


lar or femoral prostheses. At a later date, 
dislocation is secondary to unusual, forceful 
hip maneuvers or direct trauma to the hip. 
Although not mentioned in previous re- 
ports, periarticular fragments of acrylic 
bone cement or fractured wire sutures may 
migrate intraarticularly during hip disloca- 
tion. 

Prosthetic fixation has been enhanced by 
the perfection and utilization of poly- 
methylmethacrylate, which serves as a 
filler between both prosthetic devices and 
bone [5]. Loosening of the prostheses re- 
mains a potential complication in the 
metal-to-metal press-fit procedures which 
do not use bone cement for fixation. During 
the surgical procedure, polymethylmeth- 
acrylate may be deposited inadvertently in 
the periarticular soft tissues where it ordi- 
narily remains asymptomatic unless it 
migrates intraarticularly. In its natural 
state polymethylmethacrylate is radiolu- 
cent, but it can be rendered radiopaque by 
impregnation with barium sulfate. Positive- 
contrast arthrography is required to outline 
an intraarticular fragment of radiolucent 
polymethylmethacrylate, and this pro- 
cedure should be undertaken when the 
cause of persistent dislocation is not evi- 
dent radiographically following attempted 
closed reduction. 

In case 1, several unsuccessful attempts 
at closed reduction of the dislocated hip 
were undertaken before open surgery re- 
vealed the previously unsuspected intra- 
articular fragment of acrylic bone cement, 
polymethylmethacrylate. In retrospect, the 
fragment of polymethylmethacrylate was 
obvious intraarticularly on the original 
radiographs at the time of dislocation (fig. 
14) and on prior radiographs in the peri- 
articular soft tissues near the femoral neck 
(fig. 18). The intraarticular polymethyl- 
methacrylate was not overlooked by both 
the radiologist and orthopedist because it 
was obscure, but rather because neither 
physician was familiar with this possibility. 

In the Charnley operation the femoral 
greater trochanter, with its attached mus- 
cles, is osteotomized and reflected away 
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Fic. 2.—Case 2. Intraarticular location of frag- 
ment of broken wire suture obvious on both the 
frontal and cross-table lateral (not shown) pro- 
jections. 


from the operative site to afford the 
orthopedist a better approach to the dis- 
eased acetabulum. At the completion of the 
total hip replacement, the greater tro- 
chanter is reattached and stabilized to the 
femur by multiple crossed heavy wire 
sutures. Under recurring stress the wire 
sutures may fracture and even fragment. 
Generally these fractured or fragmented 
wire sutures do not produce symptoms un- 
less they migrate into the greater tro- 
chanteric bursa, producing a painful bur- 
sitis. However, these wire fragments are 
potential foreign body foci for both intra- 
articular and intravascular migration. In 
case 2 the intraarticular piece of metal wire 
was identified radiographically before closed 
reduction was attempted. 

Theoretically, periarticular heterotopic 
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bone represents another potential foreign 
body for intraarticular migration with dis- 
location of the hip. However, the authors 
have not witnessed this complication. Het- 
erotopic bone is common about the opera- 
tive site but is usually asymptomatic unless 
it is massive and limits motion of the hip. 
It develops more frequently in reoperated 
[6] and infected hips. 
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EMBRYOGENESIS OF THE HUMAN OCCIPITAL BONE 


ROBERT SHAPIRO! AND FRANKLIN ROBINSON? 


ABSTRACT: 


From an original study of fetal specimens, the embryogenesis of the human eccip- 
ital bone is described. The occipital bone in man is derived from cartilage, except 
for the interparietal segment which has a membranous origin. Normally there is no 


midline cerebellar fissure or synchondrosis. 


An understanding of the embryological de- 
velopment of the occipital bone is essential 
for an appreciation of craniovertebral 
anomalies and occipital fractures. The 
literature contains inconsistencies with re- 
spect to the nomenclature and ossification 
of the various components of the occipital 
bone, which add to the confusion [1-8]. The 
following report is based upon our own 
studies and attempts to clarify the incon- 
sistencies. 


MATERIALS AND METHODS 


A total of 125 skulls were collected from fe- 
tuses between 8 and 40 weeks of gestation. 
These skulls were prepared in the dry state and 
radiographed in standard projections. In addi- 
tion, a group of 30 cleared, alizirin-stained fetal 
skulls of varying age prepared according to the 
classical Spalteholtz technique were investi- 
gated. Multiple coronal and midline sagittal 
sections of representative decalcified fetal skulls 
were embedded in paraffin and celloidin. Ages 
were 8, IO, 12, 18, 20, 30, and 40 weeks as as- 
sessed by crown-rump measurement. These 
were studied grossly and microscopically. 


EMBRYOLOGY 


The occipital bone is formed from the 
union ef four primary cartilaginous centers 
laid down in the chondrocranium around 
the foramen magnum and from a fifth 
membranous element (fig. 1). Thus the 
occipital bone has a dual origin from 
cartilage and membrane. The four cartilagi- 
nous components are the basioccipital an- 
terior to the foramen magnum, the lateral 
or exoccipitals on each side of the foramen 





magnum, and the supraoccipital posterior 
to the foramen magnum (i.e., the inferior 
squama below the mendosal suture). The 
membranous component gives rise to the 


os 





Fic. 1.—Diagram of ossification of occipital bone. 
Basioccipital (7), paired exoccipitals (2 and 3), and 
supraoccipital (4) derived from cartilage; interpari- 
etal (5) derived from membrane. Arrows point to 
mendosal sutures which separate interparietal from 
supraoccipital segment. 


1 Department of Radiology, Hospital of St. Raphael, Yale University School of Medicine, New Haven, Connecticut 06511. 
? Department of Neurosurgery, Hospital of St. Raphael, Yale University School of Medicine, New Haven, Connecticut 06511. 
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Fic. 2.—Photograph of base of 14-week-old fetal 
skull prepared by Spalteholtz technique. Basioccipi- 
tal (b) and paired lateral exoccipital centers (e) sur- 
round foramen magnum (fm). Note also ossification 
of greater (G) and lesser (arrowhead) sphenoidal 
wings and postsphenoid centers (arrow) anterior to 
basioccipital bone. 


interparietal bone (1.e., the superior squama 
above the mendosal suture). 

At 9 weeks of gestation, a single median 
ossification center is present in the cartilag- 
inous basiocciput ventral to the notochord 
and in each lateral occipital cartilage 
around the hypoglossal canal (fig. 2). In all 
the specimens, the supraoccipital segment 
also ossified from a single focus in the 
tectum synoticum (i.e., that portion of the 
chondrocranial roof connecting the audi- 
tory bullae). Coronal sections at this fetal 
stage demonstrate ossification in the mem- 
branous interparietal segment as well 
(figs. 3 and 4). 

By 12 weeks of gestation, the interpari- 
etal and supraoccipital segments have 
fused in the midline but remain separated 
laterally by the mendosal sutures (fig. 5). 
Ossification in the supraoccipital segment 
is more advanced than in the interparietal. 
At 14 weeks there is further union of the 
interparietal and supraoccipital segments, 
and the mendosal sutures are reduced to 
narrow slits. In some specimens, a linear 
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vertical strip of unossified membrane is 
present in the midline along the superior 
margin of the interparietal segment. This 
may ossify later or persist at full term. 
Similar unossified strips may occur else- 
where in the membranous interparietal 
segment. These can be mistaken for frac- 
tures in the neonatal period. 

In a few specimens (four in our series), 
there may be a midline cleft in the inferior 
margin of the supraoccipital bone (fig. 6). 


Fic. 3.—Low power coronal section of 10-week-old 
human fetal cranium embedded in paraffin and 
stained with H and E. Foci of ossification (arrowhead) 
are seen in membranous portion of occipital bone 
above level of tentorium (T) as well as in chondral 
portion of occipital bone below tentorium (arrow). 
Crosshatched arrows outline area shown in high 
power section (fig. 4). 


EMBRYOGENESIS OF OCCIPITAL BONE 


Such clefts may persist or subsequently fill 
in with bone. Less commonly (two speci- 
mens), a small central bony projection is 
present on the inferior aspect of the supra- 
occipital segment (i.e., Kerckring’s bone; 
figs. 7-9). Rarely, the latter may be de- 
tached and lie in a rather broad midline 
cleft. One or more accessory ossicles may be 
found in the innominate synchondrosis be- 
tween the supraoccipital and exoccipital 
segments (fig. 10). According to Caffey [9], 
these ossicles usually fuse with the supra- 
occipital bone by the end of the first year 
of life. 

Ossification of the basioccipital segment 
proceeds laterally into the ventral portion 








Fic. 4.—High power view of ossification (arrows) 
in membranous portion of occipital bone above ten- 
torium (see fig. 3). 
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Fic. 5.—Photograph of posterior aspect of fetal 
skull of 12 weeks gestation (Spalteholtz prepara- 
tion). ip=interparietal segment; so= supraoccipital 
segment; e=exoccipitals; fm=foramen magnum; 
arrowheads = mendosal sutures; arrows = innominate 
synchondrosis. 


of each condyle. Simultaneously, ossifica- 
tion of the lateral occipitals advances into 
the dorsal portion of the occipital condyles 
(fig. 11). At birth, the basioccipital and 
lateral occipital bones are separated on 
each side by a prominent synchondrosis. 


p&r 


Fic. 6.—Photograph of posterior aspect of fetal 
skull of 4 months gestation (Spalteholtz prepara- 
tion). Arrow points to cleft in midportion of inferior 
margin of supraoccipital segment. fm = foramen mag- 
num, 





Fic. 7.—Kerckring’s bone (arrowhead) projecting 
from inferior margin of supraoccipital segment in 15- 
week-old fetus. Note exoccipital centers on either 
side of foramen magnum (fm). 


Obliteration of these synchondroses nor- 
mally occurs at 2-4 years of age. The lateral 
occipitals are separated from the supra- 
occipital segment by the prominent in- 
nominate synchondrosis; bony fusion of 
these segments also takes place between 2 
and 4 years of age. There is an additional 
synchondrosis between the basiocciput and 
the basisphenoid (sphenooccipital synchon- 
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Fic. 8.—Exaggerated Waters view of skull of full- 
term stillborn infant demonstrating Kerckring’s bone 
(arrowheads) almost completely fused to supraocci- 
pital segment. 


drosis). According to Melsen [10], ossifica- 
tion between the sphenoid and occipital 
bones begins at 12-13 years of age in girls 
and 14-15 years in boys. Complete closure 
of the synchondrosis does not occur until 
16-20 years of age. Occasionally the sphe- 
nooccipital synchondrosis persists into adult 
life. 

At birth (fig. 12), the interparietal and 
supraoccipital segments are fused, except 
laterally where they are separated by the 
mendosal sutures. Complete obliteration of 
the mendosal sutures usually occurs by the 
end of the second year. Rarely, one or both 





Fic. 9.—Radiograph (left) and diagram (right) of adult skull in the Towne projection showing ununited 


Kerckring’s bone. (Reprinted with permission from Shapiro R, Janzen A: The Normal Skull. New York, 


Harper & Row, 1960) 


EMBRYOGENESIS OF OCCIPITAL BONE 


Fic. 10,—Anteroposterior Towne (4) and lateral 
(B) views of newborn fetal skull with three ossicles 


(arrowheads) in innominate synchondrosis. Note 
presence of Kerckring’s process (arrow). (Reprinted 
with permission from Caffey J: Pediatric X-Ray 
Diagnosis, 6th ed. Chicago, Year Book Medical Pub- 
lishers, 1972). 


mendosal sutures may remain open in 
adult life. Should this happen, the patent 
suture, particularly if unilateral, may be 
mistaken for a fracture. Since the supra- 
occipital segment (inferior squama) ossifies 
from a single bone center, there is no nor- 
mal midline suture or synchondrosis, de- 
spite contrary statements in the literature 
[11, 12]. Therefore, a linear midline radio- 
lucency within the supraoccipital segment 
of the occipital bone must be considered to 
be a fracture [2, 13] (fig. 13). A persistent 
metopic suture superimposed on the occipi- 








Fic. 11.—Photograph of base of 22-week-old fetal 
skull (Spalteholtz preparation). Basisphenoid (bs) 
separated from basioccipital (bo) by sphenooccipital 
synchondrosis (arrowhead). p= petrous bones; e= ex- 
occipital bones, 


tal bone in the Towne projection may be 
recognized by its projection beyond the 
occipital bone onto the foramen magnum. 


ACKNOWLEDGMENTS 


We are deeply grateful to Dr. Melvin L. 
Moss, Columbia University, and the late 


> eet * 
Why 


PNG Lal Wi, > 


sy À 
bg - » 
"= ae =e 
ira a 7+ 


Pa 
» 

© See t 
>; 


Fic. 12.—Towne projection of skull of newborn 
full term infant. Arrow points to midline unossified 
membranous strip in interparietal segment (ip). The 
latter is separated by mendosal suture (arrowhead) 
from supraoccipital segment (so). e= paired exoccipi- 
tal segments on either side of foramen magnum. 
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Fic. 13.—Midline vertical fracture (arrow) involv- 
ing both interparietal and supraoccipital segments. 


Dr. Bertram S. Kraus, University of Pitts- 
burgh, for the generous loan of human em- 
bryos prepared by the Spalteholtz tech- 
nique; to Dr. E. Leon Kier for the loan of 
several prepared fetal skulls; and to Dr. 
John Ostrom for making available mam- 
malian skulls from the Peabody Museum 
collection. We are also grateful to Drs. 
Keszler, Lohman, Mansourian, and Weis- 
fenung for various translations from Ger- 
man and French, to Ovidio Gallo for the 
photographs, and to Miss Angela Brunetti 
for typing the manuscript. 


= 


II, 


I2. 


SHAPIRO AND ROBINSON 


REFERENCES 


Augier M: Quelques problèmes relatifs au dé- 
veloppement du crâne. I. Voute occipitale chez 
Phomme et d’autres mammifères. Arch Anat 
Histol Embryol (Strasb) 13:33-66, 1931 


. Franken EA Jr: The midline occipital fissure; 


diagnosis of fracture versus anatomic variants. 
Radiology 93:1043-1046, 1969 


. Hadley LA: Anatomico-Roentgenographic Studies 


of the Spine. Springfield, Ill., Thomas, 1964 


. Kier EL: Fetal skull, in Radiology of the Skull and 


Brain, vol. 1, book 1, edited by Newton TH, 
Potts DG, Saint Louis, Mosby, 1971, pp 99-117 


. Lacoste A: Sur le développement de |’écaille oc- 


cipitale étudiée comparativement chez le mou- 
ton et chez l’homme. Arch Anat Histol Embryol 
(Strasb) 12:1-47, 1930 


. LeDouble AF: Traite des variations des os du 


crane de l’homme. Paris, Vigot Freres, 1903 


. Matthes E: Neuere Arbeiten tiber das Primor- 


dialcranium der Säugetiere. II. Teil. Arbeiten 
über einzelne Regionen des Cranium. Ergedb 
Anat Entwicklungsgesch 24:117-243, 1923 


. Parker WK, Bettany GI: The Morphology of the 


Skull, London, McMillan, 1877 


. Caffey J: On the accessory ossicles of the supra- 


occipital bone. Am F Roentgenol 70:401-412, 
1953 


. Melsen B: The cranial base. Acta Odontol Scand 


32, suppl. 62, 1974 

Caffey J: Pediatric X-Ray Diagnosis, 6th ed. 
Chicago, Year Book Medical Publishers, 1972 
Koehler A, Zimmer EA: Borderlands of the Nor- 
mal and Early Pathologic in Skeletal Roentgenol- 
ogy, 11th ed. New York, Grune & Stratton, 1968 


. Allen WE III, Kier EL, Rothman SLG: Pitfalls 


in the evaluation of skull trauma: a review. 
Radiol Clin North Am 11:479-503, 1974 


Am F Roentgenol 126:1065-1076, 1976 


FILM SCREENING BY PHYSICIAN ASSISTANTS 
IN DIAGNOSTIC RADIOLOGY 


E. Gam BARKER, JR. 


ABSTRACT: 


| H. D. ROSENBAUM, ALBERT C. SELKE, JR., DeL HENDERSON, AND Jack H. HILDNER 


Data are presented which indicate that specially selected ART students can be 
trained to evaluate radiographs as to the presence or absence of significant pathology 
with an accuracy equivalent to that of experienced staff radiologists. The methods 
employed in this training program—namely, stressing perceptual recognition of 
normal and abnormal findings—may be beneficial in the early months of training 
of diagnostic radiology residents to hasten achievement of an acceptable perceptual 
performance. Test films, used in this study as an evaluation technique, may also be 


useful to assess residents’ progress. 


Over the past few years our department has 
developed a training program for physician 
assistants in diagnostic radiology. The ma- 
jor objective of this project was to train 
specially selected radiologic technologists 
to perform a number of duties beyond the 
usual scope, including some previously dis- 
charged only by physician radiologists. 
These students have been designated ad- 
vanced radiologic technologists (ART) but 
presently are considered to be more ac- 
curately called diagnostic radiology as- 
sistants or, better yet, physician assistants 
in diagnostic radiology. A major aspect of 
their instruction centers on how to screen a 
wide variety of routine radiographs to de- 
termine whether they are positive or nega- 
tive for significant pathology. Image recog- 
nition has been emphasized. A second ob- 
jective has been to determine the level of 
accuracy that can be achieved by ART 
students in this type of screening. To be a 
successful program, it was felt essential 
that the students achieve an accuracy at 
least approximating that of staff radiolo- 
gists. Consequently it was necessary to pre- 
cisely quantitate their performance. The 


third objective is to determine whether the 
services performed by ART personnel are 
of significant benefit to the radiologist. In 
theory, it should be possible for the radiolo- 
gist to direct more time to patients with 
significant abnormalities, to consultation 
with clinicians, and to other activities re- 
quiring more sophisticated knowledge. Eval- 
uation of this objective is underway and 
will be reported elsewhere [1]. 


METHOD 


Accuracy was quantitated by use of the sig- 
nal detection theory and decision matrices as 
applied by Lusted [2] to similar problems. 
Tests consisted of carefully selected sets of 
radiographs of from 25 to 100 cases, each set 
with approximately equal numbers of normal 
and abnormal studies. Many cases had only 
one radiograph, but others required two or 
more films. No clinical information was pro- 
vided. 

The examinations were administered to staff 
radiologists, radiology residents, medical stu- 
dents, and radiologic technologists in our de- 
partment and elsewhere* to establish norms to 
which the performance of ART students could 
be compared. All followed our examination 


This investigation was supported by U.S. Public Health Service research grants RM 00048-02A2 and HS-00567 from the Bureau 
of Health Services Research and Evaluation, Health Resources Administration, Department of Health. Education, and Welfare 
(formerly National Center for Health Services Research and Development, Health Services and Mental Health Administration). 

1 All authors: Department of Diagnostic Radiology, University of Kentucky Medical Center, Lexington, Kentucky 40506. Address 


reprint requests to H. D. Rosenbaum. 


* Two sets of test films containing a total of 180 cases were sent to the following radiology departments: University of California, San 
Francisco (M. Jones); Rush-Presbyterian-St. Luke’s Medical Center, Chicago (F. Alcorn); McMaster University, Hamilton, Ontario 
(P. Cockshott); and New York Medical College, New York City (N. Avnet). 
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Fic. 1.—Fibrous dysplasia of posterior portion of 
right third rib and proximal portion of left humerus. 


methods as closely as possible. Comparison ot 
the performances of staff radiologists and resi- 
dents from other institutions with our results 
showed substantially no differences. In addi- 
tion, the first class of ART students spent an 
entire week at the University of California for 
evaluation by M. Jones. 

The test film sets included routine examina- 
tions of the head and neck, chest, abdomen, 
and extremities (e.g., figs. 1-4). Some of the 
sets contained contrast examinations of the 
alimentary and genitourinary tracts. No angi- 
ograms were included. Each test set included a 
number of films which were clearly positive or 
negative as well as a relatively large number of 
cases containing subtle abnormalities or multi- 
ple abnormalities. Only in this respect were the 
test sets thought to differ from representative 
studies seen in a general radiology department 
of moderate size. Figures 1-3 are examples of 
the more difficult positive films. They were 
included to detect superficial or improper 
analysis of the films. Subsequent statistical 
analysis showed these cases to be highly dis- 
criminative. For example, each case illustrated 
in figures 1-3 had a discrimination power of .46. 

The examination was administered by placing 
the films on a multiviewer where the examinee 
read each case individually. No time limit was 
imposed; however, the subjects were told to 
proceed as if they were reading the films in a 
work situation and to indicate the amount of 
time spent on each examination. Examinees were 
asked to designate each case as positive or nega- 
tive for significant pathology. Because some 
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cases contained more than one positive finding, 
each of varying significance, the film reader was 
also required to indicate the most significant 
finding which led to the positive designation. 
Thus it was possible for a person to correctly 
identify an examination as positive but be 
graded as having misread the case if the most 
significant lesion was not identified. (An ex- 
ample of this type of error is to designate a film 
positive because of an old fractured rib but miss 
a soft apical pulmonary infiltrate.) All abnor- 
malities other than the one designated as the 
correct answer were of relatively minor sig- 
nificance. 

Some of the test sets were administered to 
ART students twice to assess their progress. 
These individuals were not informed of the 
correct answers until after the final examina- 
tion. Also, months elapsed between the two 
examinations to minimize the effect of memory. 

Scores were evaluated in terms of the rates 
of false-positive and false-negative responses. 
Among false-positive responses were negative 
radiographs incorrectly identified as abnormal 
or insignificant findings selected as reasons for 
positive designations. Thus false-positive re- 
sponses are a measure of inefficiency, since the 
labors of the physician radiologist are not 
lessened by the prior review. False-negative 





mongoloid pelvis. 
Bony changes were frequently overlooked. Arrows 
indicate artifacts. 


FIG. 


2.—Normal abdomen, 


PHYSICIAN ASSISTANTS IN DIAGNOSTIC RADIOLOGY 





responses include positive radiographs which 
were incorrectly identified as negative. These 
errors represent a serious risk since patients 
may leave the medical care environment under 
the false impression that no disease exists. 
While a somewhat increased false-positive rate 
by ART students could be tolerated, a false- 
negative rate significantly higher than that of 
a well-trained physician radiologist is unac- 
ceptable. 


False-positive and false-negative percentages 
were calculated as follows: 


False-positive % 


No. false-positive responses 





Total no. negative examinations in set 
X 100. 


False-negative % 
No. false-negative responses 


Total no. positive examinations in set 
X 100. 
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Fic. 3.—Positive fat pad sign on left; minimal slipping of the distal left humeral epiphysis. Ventral fat pad 
on right often incorrectly diagnosed as positive finding. 


The performance of the ART scudents was 
evaluated by comparing their scores with those 
of staff radiologists and residents in radiology. 
Because the scores of the other groups tested 
were so low, they were dropped from the study. 
The months of training of each ART class at the 
time of examination was an additional parame- 
ter considered. 


RESULTS 


Figure 5 shows an arbitrarily selected 
ideal performance and the usual or ex- 
pected performance of experienced radi- 
ologists on an examination of this type 
[3-5]. It is important to note that an average 
of the false-positive and false-negative per- 
centages must be used in comparing these re- 
sults with usual methods of recording error 
rates since both the false-positive and false- 
negative rate could reach 100%. 

Table 1 compares the mean scores of our 
staff radiologists and residents on com- 


1072 





BARKER ET AL. 





oud 


Fic. 4. Left gial hernia. Pathology of this type was missed relatively infrequently (discrimination 


power .19). 


posite tests 1 and 2 with scores of the first 
two classes of ART students. After 9 
months of training, the first ART class 
scored higher on composite test 1 than 
either the staff or resident physicians. Only 
the latter difference was statistically sig- 
nificant (¢=3.32, df=15, P<.o1). This 
ART class also had the highest score on 
composite test 2 after 12 months of train- 
ing. Again, only the residents had sig- 
nificantly lower scores (¢= 3.80, df=165, 
Peoi) 

The second ART class scored much 
lower than either the staff (t= — 5.44, 
df=9, P<.oo1) or the residents (¢= 3.90, 
df=15, P<.o1) on composite test 2 during 
the first month of their training. The same 
differences were observed on composite 
test 1 during the second month of the pro- 
gram (t= — 5.24, df=9, P < .001 ; t= — 3.44, 
df=15, P<.o1, respectively). By the end 


of the ninth month of training they achieved 
a slightly higher score than the staff and a 
significantly higher score than the residents 
on composite test I (t= 3.60, df=15, 
P <.o1). On composite test 2, they scored 
slightly lower than the staff but signifi- 
cantly higher than the residents (t= 3.26, 
disis P<). 

Figure 6 shows the percentages of false- 
positive and false-negative readings by the 
second ART class on composite test I after 
2 and g months of training. The remarkable 
improvement is obvious. Figure 7 shows 
the performance of staff radiologists, radiol- 
ogy residents, and the first class of ART 
students on composite test 2 after 12 
months of training. 

The test sets were analyzed statistically 
and found to be highly reliable: Kuder- 
Richardson coefficients ranged from .61 to 
.81. The cases in the test sets were examined 
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-Usual reported performance of Radiologists 


Ideal screening performance 
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Increasing Inefficiency ——_—» 


Fro. 5.—Expected performance of experienced radiologists in screening radiographs for presence or 
absence of pathology [3-5]. Ideal performance was arbitrarily selected. Maximum total error is 200% (i.e., 
all negative films read as positive and all positive films read as negative). 


individually. Of a total of 393 cases, 228 
had an average discrimination power of 
.30. The remaining films did not adequately 
discriminate between high and low per- 
formers (e.g., fig. 4). Additional analyses 
have been performed [6]. 

Five smaller sets of test films were ad- 
ministered to both groups of ART students 
as well as to our residents and staff radiolo- 
gists. On these tests, both classes of ART 
students performed equally well by their 
ninth month of training. All tests, whether 
administered by us or at the participating 
institutions listed above, produced similar 
data. In general, both classes of ART stu- 
dents reached their maximum proficiency 
in film screening by 9 months. By this time 
they demonstrated greater perceptual pro- 
ficiency in sorting films into positive and 
negative categories than the radiology resi- 
dents and were approximately equal in 
accuracy to staff radiologists. 


DISCUSSION 


Earlier studies on the perceptual aspects 


of radiology have demonstrated that ex- 
perienced radiologists often fail to identify 
all the significant pathology depicted on 
radiographs and that their error rates are 
relatively constant [3-5]. For example, 
Garland [3, 4] found that radiologists dis- 
agreed with each other about 30% of the 
time and disagreed with themselves ap- 


TABLE 1 


Mean Scores (Correct RESPONSES) 
ON COMPOSITE TESTS I AND 2 


Composite Composite 
Test 1 Test 2 
Group (No.) (100 Cases) (80 Cases) 
SA (2) di adweaddades 85.6 62.6 
Residents (11)......... 76.4 53.6 
ART class 1 (6): 
g- mo training....... 87.5 Spx 
12-mo training....... = 63.5 
ART class 2 (6): 
I-mo training........ it 42.5 
AO training s<a isd 64.5 ale 
g-mo training........ 86.0 61.0 
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Fic. 6.—Performance of second class of ART students on composite test 1 after 2 months (4) and 9 
months (B) of training. Test included 45 positive and 55 negative films. 


proximately 15% of the time. In a study 
involving a large number of chest films 
screened by experienced readers for the 
presence of inflammatory disease, Yeru- 
shalmy [5] recorded a false-negative ob- 
server rate of about 25%. The error rate of 
the staff radiologists on these examinations 
approximates that observed by Yerushalmy. 

Several factors account for the relatively 
high rate of observer errors encountered on 
our sets of test films. First, the test films in- 
cluded a high proportion of difficult cases. 
It is recognized that such radiographs do 
not represent a typical daily work load. 
Nevertheless, since films of this type are 
the ones most frequently misinterpreted, 
every effort should be directed toward 
identification of the significant information 
they reveal. Second, the examinations were 
lengthy and fatiguing. To minimize the 
effects of fatigue, shorter tests with fewer 
highly discriminative films [6] are now 
being used. 

The poor performance by radiology resi- 
dents warrants comment. Their relative 
lack of enthusiasm compared to the ART 
students in taking these examinations no 
doubt affected their scores. In some in- 


stances they approached the tests with a 
measure of disinterest and may well have 
read the radiographs too rapidly. The level 
of interest, enthusiasm, and effort was a 
less significant factor for staff members, al- 
though it still may have had an effect. 

In contrast, ART students were highly 
motivated to perform at their best. They 
were a highly intelligent, cooperative, and 
unusually industrious group with abundant 
previous experience. There is no thought 
that an “average” radiologic technologist 
could be trained so rapidly to this level of 
competence. Nevertheless, we believe we 
have assembled strong evidence that prop- 
erly selected and adequately instructed 
ART students can assess films for the pres- 
ence or absence of significant pathology 
with an error rate equivalent to that of 
experienced radiologists. 

The instruction of the ART students was 
directed toward teaching them how to look 
at films, how to assess normalcy, and how 
to recognize the changes that indicate ab- 
normality. The emphasis of the didactic 
material was on perceptual aspects. Repeti- 
tion and reinforcement were frequently 
used to emphasize important abnormalities, 
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Fic. 7.—Comparison of performance of first class of ART students on composite test 2 after 12 months of 


training with that of staff radiologists and residents. 


especially the more subtle ones. Much time 
was spent discussing normal variations 
and structural changes expected at various 
ages. Specific abnormalities to search for 
and frequently missed lesions, especially in 
trauma, were emphasized. Minimal time 
was spent on specific diagnoses. Diagnosis 
and differential diagnosis entered the in- 
structional sessions only as secondary con- 
siderations. The main emphasis was to teach 
the ART student to identify those films that 
should be brought to the attention of the 
physician radiologist. 

These data in no way suggest that radi- 
ology residents possess less knowledge or 
perceptual ability than ART students. 
They indicate only that on these examina- 
tions the ART students exhibited a better 


perceptual performance. Preconceptions 
from previous medical training may have 
led the residents, perhaps even subcon- 
sciously, to abort their search for subtle ab- 
normalities more quickly than the ART 
students who lack such extensive physio- 
logical and pathological knowledge. It 
could be that an expectation of normality 
gleaned from previous experience or from 
an overall benign appearance of a radio- 
graph may in part explain the less satisfac- 
tory perceptual performance of the resi- 
dents. The ART students were not affected 
by these considerations. 

These data should be verified by similar 
studies elsewhere. If our results are cor- 
roborated, perhaps a change in the method 
used to instruct radiology residents in the 
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early months of their training would be 
beneficial and result in more rapid achieve- 
ment of acceptable proficiency. Such a 
change would include stronger emphasis on 
image recognition in early training than has 
occurred in the past. However, many im- 
portant questions remain which need ob- 
jective evaluation. For example, Should 
there be a delay in providing detailed 
pathogenic explanations of abnormal shad- 
ows until appropriate perceptual proficiency 
is demonstrated? and Will the residents 
knowledge of diseases make this approach 
more difficult? 
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°"T'¢. DIPHOSPHONATE UPTAKE IN 
NEUROBLASTOMA 
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ABSTRACT: 


Marked uptake of °™Tc-diphosphonate was noted in an extraadrenal neuroblas- 
toma. Calcification was not demonstrable on radiographic or light microscopic 
examination, nor was crystalline material identified on electron microscopic exami- 
nation; capillaries in the lesion appeared to be intact. Similar uptake of phosphate 
radiopharmaceuticals by a variety of lesions has been reported, and possible mecha- 


nisms for this phenomenon are discussed. 


Increasing numbers of cases of extraosseous 
deposition of activity by the currently used 
phosphate bone-scanning agents (°%™Tc- 
diphosphonate, ®™Tc-pyrophosphate, and 
**~T'c-polyphosphate) have been reported 
in the literature. We have recently demon- 
strated marked uptake of %™Tc-diphos- 
phonate in an extraadrenal neuroblastoma 
and studied possible mechanisms for its 
localization in this lesion. 


CASE REPORT 


A nine-year-old white girl was admitted to 
the hospital for evaluation of an incidentally 
discovered abdominal mass. The patient had no 
gastrointestinal or urologic symptoms, no 
trauma, and had never noticed the presence of 
the mass. She was well developed and well 
nourished, weighing 62 lbs. The single pertinent 
physical finding was a firm, nontender, non- 
moveable 8X8 cm mass located in the right 
lower quadrant. The admission hematocrit was 
39% and the white blood cell count was 
8,100/mm!; the differential count was normal. 
There was an elevated sedimentation rate of 
şo mm/hr. Serum chemistry determination re- 
vealed normal calcium, phosphorus, glucose, 
BUN, total protein, and albumin values. The 
alkaline phosphatase, LDH, and SGOT values 
were 123, 330, and 48 IU, respectively, all with- 
in normal limits. Urinalysis was normal. Uri- 
nary vanillylmandelic acid excretion was 7.8 
mg/24 hr (normal = 1.0-7.1). An excretory uro- 
gram (fig. 1) revealed a mass in the right lower 
quadrant which extended into the pelvis and 


caused deviation of the right ureter anteriorly 
and medially. There was minimal urinary ob- 
struction on the right; the left kidney and col- 
lecting system were entirely ncrmal. Inferior 
vena cavagram and barium enema studies dem- 
onstrated extrinsic compression of surrounding 
structures by the retroperitoneal mass, without 
evidence of invasion. Liver scan was normal. 
Bone images (fig. 2) were obtained with a 
Searle Radiographic Pho Gamma HP camera 
3 hr after intravenous administration of 10 mCi 
of °°™Tc-diphosphonate. These revealed normal 
osseous structures; however, the right lower 
quadrant mass showed marked accumulation of 
the °°™Tc-diphosphonate. 

Surgical exploration revealed a large right 
lower quadrant retroperitoneal mass with sev- 
eral adjacent enlarged lymph nodes. The patho- 
logic diagnosis was neuroblastoma. No gross or 
microscopic evidence of tissue calcification was 
noted. Electron microscopic studies of the tu- 
mor tissue showed a uniform cell population 
characterized by circular to oval configuration 
of the cells, relatively large nuclei, frequent mi- 
totic figures, and nuclear sequestration (fig. 3). 
Examination of capillaries traversing the tumor 
tissue revealed no abnormalities. Electron dif- 
fraction studies with special attention to mito- 
chondria did not show any evidence of inorganic 
crystalline structures. 


DISCUSSION 


Many different types of nonosseous le- 
sions may demonstrate significant accumu- 
lation of the currently used %™Tc-phos- 


1 Nuclear Medicine-Endocrine Service, William Beaumont Army Medical Center, El Paso, Texas 79920. Address reprint requests 
to Editorial Assistant, Medical Research and Development Services, William Beaumont Army Medical Center, El Paso, Texas 79920. 
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Fic. 1.—AP (/eff) and lateral (right) views of the abdomen obtained during intravenous pyelography. 
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Large mass in the right lower quadrant displaces the right ureter medially and anteriorly. 


phate bone-scanning radiopharmaceuticals. 
The various lesions associated with this soft 
tissue deposition of radionuclide activity 
include breast carcinoma [1-5], malignant 
lymphoma [4, 6, 7], lung carcinoma [4], 
melanoma [7], embryonal cell carcinoma 
[4], adenocarcinoma of the rectum [8], 
various primary brain tumors [2, 4, 9, 10), 
cerebral infarction [9-11], myocardial in- 
farction or contusion [12-15], soft tissue 
abscess and inflammation [2, 14], neuro- 
fibroma [16], and one case of adrenal neuro- 
blastoma [17]. Most of the soft tissue 
lesions involved apparently contain no sig- 


nificant calcification using conventional 
light microscopy. 

The mechanism for the accumulation of 
phosphate radiopharmaceuticals in soft tis- 
sue lesions has not been well explained. 
While increased blood flow may be a factor 
in at least some of these lesions, it would 
not account for the dramatic accumulation 
seen in many instances. Also militating 
against this mechanism is the fact that no 
thermographic abnormalities were seen in 
patients with breast malignancies who 
showed increased uptake of bone-scanning 
agents [18]. Alteration of capillary perme- 
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ability associated with neovascularity, al- 
lowing “‘leakage” of the radiopharmaceuti- 
cal into the soft tissue lesions, has been sug- 
gested as another possible mechanism. 

Another plausible hypothesis is that high 
concentrations of phosphatase enzyme sys- 
tems are present in those lesions which 
bind the Tc-labeled phosphate agents [2, 
19]. In support of this mechanism, Zimmer 
et al. [19] have shown that high concentra- 
tions of acid phosphatase were present in 
both normal and pathologic breast tissue 
which showed increased uptake of the ®Tc- 
diphosphonate; they suggest that acid 
phosphatase binding of these phosphate 
bone scan agents may be responsible for 
their soft tissue concentration. To test this 
hypothesis, they studied the effect of di- 
phosphonate in varying concentrations on 
the activity of acid phosphatase in vitro. 
Inhibition of acid phosphatase activity was 
noted with a diphosphonate concentration 
of 1 wmol/liter; no other enzyme system 
tested was appreciably inhibited at this 
concentration of diphosphonate. Such data 
give strong support to the hypothesis of 
enzyme receptor binding by diphosphonate. 

The work of D’Agostino et al. [20] with 
cardiac muscle necrosis offers another ex- 
planation as to the soft tissue activity seen 
with phosphate bone scan agents. Their 
electron microscopic observations of mito- 
chondrial binding of calcium ions within a 
crystalline structure, thought to be similar 
to hydroxyapatite, led Bonte and Parkey 
[13] to utilize °*™T'c-poly phosphate in imag- 
ing myocardial infarcts. 

However, electron microscopic examina- 
tion and diffraction studies of the tissues 
from our patient failed to reveal inorganic 
crystalline structures in the tissue, in- 
cluding the mitochondria. Special attention 
was also directed to the capillaries travers- 
ing the tumor tissue, but no abnormalities 
were found; they exhibited the usual nar- 
row endothelial cells lining a basement 
membrane of particularly high electron 
opacity. No breaks in the capillary wall 
were observed. Thus, no evidence was 
found to support the concept of defects of 
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Fic. 2.—Anterior view of the lower abdomen and 
pelvis showing large right lower quadrant mass with 
marked uptake of °™Tc-diphosphonate. 


integrity in the capillary wall as a mecha- 
nism accounting for “leakage.” 

In the only other reported case of a 
neuroblastoma demonstrating uptake of a 
mTc-phosphate bone-scanning radiophar- 
maceutical, the tumor was located in the 
adrenal gland and had extensive diffuse 
calcification [17]. Such calcifications are less 
common in extraadrenal neuroblastomas 
[21]. Thus it is not surprising that no gross 
or microscopic calcifications were noted in 
the case described in this report. The ob- 
servation of an extraadrenal neuroblastoma 
concentrating %™Tc-diphosphonate, even 
though no calcification was present, tends 
to support the concept that enzymatic 
binding may be responsible for accumula- 
tion of phosphate bone-scanning agents in 
at least some types of soft tissue lesions. 

The marked increase in the number of 
reports of unusual soft tissue accumulation 
of the phosphate radiopharmaceuticals sug- 
gests that a greater clinical utilization of 
these agents should be explored. When per- 
forming bone scans in evaluation of possible 
metastatic disease, the soft tissues should 
be examined most carefully to delineate any 
possible areas of increased activity. 
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ADJUVANT CHEMOIMMUNOTHERAPY IN ADVANCED 
LESIONS OF THE HEAD AND NECK 


FREDERICK R. EILBER! AND DonaLpD L. Morton! 


ABSTRACT: 


Growth of malignant tumors of the head and neck has been associated with pro- 
gressive impairment of immunologic activity. Successful control of disease has been 
shown to reverse this defect. Preliminary results of a nonrandomized trial reduced 
recurrence of head and neck cancer for a median time of 11.5 months in eight of Io 
patients who received chemoimmunotherapy adjuvant to surgical resection or 
radiation treatment. The number of patients in the series was small and the follow- 
up time too short to determine the length of effectiveness for this treatment. Based 
on these results, a new protocol has been initiated to randomize patients with ad- 
vanced T3 and T4 lesions into groups for comparison of adjuvant chemotherapy 
alone with adjuvant chemoimmunotherapy. 


INTRODUCTION 


The concept of host resistance as an impor- 
tant factor in both the inception and pro- 
gression of head and neck malignancy has 
been proposed for many years. It originates 
from observations of the unpredictable 
clinical course for patients with tumors in 
these anatomic locations. Whereas some 
patients have a rapid recurrence of disease 
despite apparently adequate treatment for 
early tumors, other patients demonstrate a 
relatively slow progression of disease de- 
spite far-advanced malignancies. 

Growth of malignant tumors of the head 
and neck has been associated with progres- 
sive impairment of immunologic reactivity 
[1]. Anergy has been observed in patients 
prior to the development of cachexia and 
malnutrition, even without widespread 
visceral and bone marrow involvement. 
The immunologic impairment noted in 
cancer patients was not a defect that pre- 
ceded the development of malignancy 
because it could be reversed if successful 
control of disease was achieved [2-4]. Opti- 
mistically, then, it might be possible to 
augment the immunologic reactivity of the 
cancer patient. However, additional re- 


ports have shown that the therapeutic 
modalities used to treat neoplasms of the 
head and neck are themselves immuno- 
suppressive. The suppressive effects of 
surgery [5] and chemotherapy [6] appear to 
be of relatively short duration; the im- 
munosuppressive effects of radiotherapy 
[7, 8] may or may not be more prolonged 
[9-11]. Thus it would seem that if immuno- 
logic reactivity could be maintained during 
treatment, a greater therapeutic benefit 
might be achieved. 

While immunotherapy for treatment of 
malignancies in laboratory animals as well 
as for malignant melanoma in man has 
been shown to be effective its use is 
limited. In laboratory animals it was of 
benefit when the tumor burden was in a 
ratio of approximately 10—108 cells [12]; 
larger amounts of tumor rarely responded 
to immunologic manipulation. These same 
principles seem to be applicable in man. A 
therapeutic effect was generally achieved 
in patients with subclinical disease [13] 
whereas for more advanced disease, results 
were not nearly as impressive [14]. If im- 
munotherapy is applied to the treatment of 
patients with tumors of the head and neck, 
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it cannot be used as a primary treatment 
modality but rather as an adjuvant to the 
existing therapeutic modalities of surgery, 
radiation, and chemotherapy. 

Preliminary reports from Donaldson 
[15, 16] have shown that a greater thera- 
peutic response was achieved in head and 
neck patients when BCG, a nonspecific im- 
mune stimulant, was combined with chemo- 
therapy (methotrexate) than when chemo- 
therapy alone was used. 

This paper describes a phase 1 pilot study 
designed to determine the effect of BCG 
immunotherapy in combination with 
methotrexate. This regimen was evaluated 
in patients with recurrent malignant disease 
of the head and neck and in patients with 
advanced lesions who had an 80% chance 
of recurrence with standard modes of 


therapy. 


SUBJECTS AND METHODS 


The 20 patients investigated were evaluated 
either in the Department of Surgery, Division 
of Oncology, UCLA School of Medicine, or the 
Sepulveda Veterans Administration Hospital, 
Sepulveda, California. They ranged in age from 
29 to 73 years. All had advanced T3 or T4 
squamous cell neoplasms of the head and neck 
region and had no history of prior malignancies 
or evidence of widespread tumor before ad- 
ministration of chemoimmunotherapy. Pa- 
tients were clinically evaluated by complete 
physical examination, chest x-ray, and liver, 
brain, and bone scan prior to entering the study. 
Histologic confirmation of squamous cell carci- 
noma was obtained in every case. 

The experimental nature of the procedures 
was explained to each patient prior to entering 
the study and a signed consent was obtained. 
Patients were divided into three categories: 
those who had failed on all previous therapy 
and had established disease (table 1); and those 
who did not have clinically evident disease but 
who were treated prophylactically for sub- 
clinical disease following radiation therapy 
(table 2) or surgery and radiation therapy 
(table 3). 

The chemotherapeutic drug methotrexate 
(so mg/m?) was administered once a week for 
1 month and every other week thereafter for 
the duration of the study. Immunotherapy 
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was accomplished with BCG Tice strain from 
Chicago Research, administered by the Tine 
technique to the axillae and both groins every 
week for 3 months and then every other week 
for the duration of the study. Follow-up exami- 
nation was performed each month. 

A complete response to chemotherapy was 
defined as the disappearance of all visible dis- 
ease and no’ evidence of new disease for a 
period of 2 months. A partial response was de- 
fined as 50% reduction in established disease 
and no new lesions. While surgical procedures 
differed for each patient, they basically in- 
cluded en bloc resection of the primary tumor 
and regional lymph nodes. X-ray treatment 
was given using cobalt 60 teletherapy at a 
dosage of 5,000-6,000 rads over 5-6 weeks. 

Immunologic evaluations of delayed cutane- 
ous hypersensitivity were performed with topi- 
cally applied dinitrochlorobenzene (DNCB) 
and a battery of recall antigens. Reactions were 
recorded after 48 hr. Serial DNCB skin testing 
was performed at monthly intervals [3]. A 
hypersensitivity score was assigned to each 
test, and a score of 3 or greater was considered 
positive [17]. 


RESULTS 


Table 1 shows the results of chemoim- 
munotherapy in six patients with estab- 
lished recurrent disease. A complete re- 
sponse to chemoimmunotherapy was ob- 
tained in only one patient, no. 1. This pa- 
tient had reexcision of the primary tumor, 
maxillary antrum, and orbit 4 months after 
initiation of chemoimmunotherapy and has 
been free of disease 6 months following this 
surgery. Microscopic residual disease was 
present in the operative specimen. Patients 
2 and 3 have maintained a 50% reduction 
in tumor size for 4 and 5 months, respec- 
tively. Both patients have clinically evident 
residual disease but have not developed 
new lesions. The remaining three patients 
did not have any measurable decrease in 
tumor size, and all expired. 

Simultaneously, we began a nonrandom- 
ized prospective study of the BCG-metho- 
trexate combination as adjuvant treatment 
to radiation or surgery. Table 2 shows the 
results of treatment with adjuvant chemo- 
immunotherapy for stage T3 and T4 
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TABLE 1 
CHEMOIMMUNOTHERAPY IN PaTIENTS WITH EsTABLISHED RECURRENT DISEASE 
Location of 
Patient Age Primary Malignant Date of X-ray Date of | Chemoimmuno- Response Follow-up 
No. (Yr) Tumor Neck Nodes Operation Therapy Recurrence therapy (%) (Mo) 
Rescacs 56 Antrum — 10/74 PreOp 4/'74 Mtx, BCG 100 6 
and 8/'73 
intra- 
cranial 
ee 73 Temporal 4/12 12/'74 PostOp 1/'75* Mut BCG 50 4 
bone 12/'74 
e ee 54 Retromolar 10/15 8/'74 PostOp 10/’74* Mex BCG 50 5 
9/'74 
ye 62 Larynx 4/10 8/'74 PostOp 12/'74 Mtx, BCG O 3 
9/'74 
eee 61 Tonsil + 8/'73 12/73 Mtx, BCG O 3 
Distance 54 Tongue 4. 8/'73 10/‘/73. Mtx, BCG o) 2 
base 


* During x-ray therapy. 


squamous cell carcinoma of the head and 
neck in which radiation therapy was the 
primary modality. Of the four patients 
treated thus far, three are free of recurrent 
disease after a median of 6 months. One 
patient had rapid recurrence despite radi- 
ation and chemoimmunotherapy and ex- 
pired within 4 months of onset of treat- 
ment. Although the follow-up time is 
relatively short for these patients, their 
clinical response has been dramatic. 

A series of 10 patients was treated with 
adjuvant chemoimmunotherapy following 
surgical excision of all gross tumor plus 
radiation therapy (table 3). Eight of the 10 
(80%) are alive and free of recurrent dis- 
ease after a median of 11.5 months. All 


patients had postoperative radiation ther- 
apy to the tumor bed and the regional 
lymphatics except for patients 4 and 5, who 
were operated on after radiation therapy 
failure. 


Toxicity 

For six of the 14 patients (40%) treated 
with adjuvant chemoimmunotherapy, it 
was necessary to decrease the scheduled 
dosage of methotrexate. The major toxic 
effect was hematopoetic, manifested by 
white cell counts lower than 2,000. The de- 
lay in treatment was never more than I 
week. No incidence of renal toxicity, sepsis, 
or permanent bone marrow toxicity was 
observed. Oral ulceration was observed in 


Patient Age 
No. (Yr) 
| Sree 68 
- eee 48 
Radiat 47 
F rem, «> 4 


TABLE 2 


CHEMOIMMUNOTHERAPY AS ADJUVANT TREATMENT TO RADIATION THERAPY 


Location of 
Primary 
Tumor 


Retromolar 
Tongue base 
Tongue base 
Larynx 


Malignant 
Neck Nodes 


+ 
++ 


X-Ray Therapy 
(Rad) 


§ ,000 
5,000 
5 ,Q00 
5,000 


Note.—None of these patients were treated surgically. 


Chemoimmuno- 
therapy 


Mtx, BCG 
Mtx, BCG 
Mtx, BCG 
Mtx, BCG 


Status 


N.E.D. 
NED, 
N.E.D. 
Expired 
(recurrence) 


——__— 


Follow-up 
(Mo) 


> AO 
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TABLE 3 
CHEMOIMMUNOTHERAPY AS ADJUVANT TREATMENT TO SURGERY AND RaDIATION THERAPY 
Location of 
Patient Age Primary Malignant Date of X-ray Chemoimmuno- Follow-up 
No (Yr) Tumor Neck Nodes Operation Therapy therapy Status (Mo) 
I . 62 Larynx 2/10 1/'74  PostOp Mtx, BCG N.E.D. 14 
2...... §2 Epiglottis 4/10 1/'74  PostOp Mtx, BCG NED 16 
3...... 72 Pyriformsinus -3/10 9/'74  PostOp Mtx, BCG N.E.D. 6 
eee 48 Tongue base 2/12 7/'73  PreOp failure Mtx, BCG N.E.D. 24 
5...... 65 Tongue base 2/15 8/'74 PreOp failure Mtx, BCG N.E.D. 8 
6...... 53 Tongue 2/16 10/'74* PostOp Mtx, BCG Recurrence ä 
anterior (alive) 
T EEE 73 Buccal mucosa 4/20 10/'73 PostOp Mtx, BCG N.E.D. 15 
8...... 66 Postpharynx 5/20 3/'74 ~+PostOp Mtx, BCG Recurrence 12 
(expired) 
9 . 62 Retromolar 3/10 10/’74 ~PostOp Mtx, BCG N.E.D. 6 
10..... 29 Retromolar 3/12 7/'74  PostOp Mtx, BCG N.E.D. 8 


Note —Eight of 10 have no evident disease after a median of 11.5 months. 


* Resected nodes. 


20% of the patients. None of the patients 
developed systemic BCG infection, al- 
though two patients developed moderately 
severe pruritus at the site of the BCG in- 
jection, resulting in discontinuance of BCG 
for 2 weeks. 


Immunologic Evaluation 


On initial evaluation, 16 of 20 (80%) of 
the patients were nonresponsive to DNCB 
(fig. 1). Following definitive surgery and 
during chemotherapy, 12 of the 16 (75%) 
converted to positive and remain free of 
disease. Of the four who did not become 
responsive to DNCB, three developed re- 
current disease within 3 months. The four 
patients who were DNCB positive on ini- 
tial evaluation have remained positive and 
free of recurrence. All patients treated with 
BCG converted to a positive PPD skin test 
during the study. 


DISCUSSION 


The treatment of patients with ad- 
vanced T3 or T4 lesions of the head and 
neck continues to present a very difficult 
therapeutic problem. Although surgery 
and postoperative radiotherapy have 
greatly improved local control of the 
tumors, the overall results indicate an 


eventual failure in more than 80% of the 
patients [18]. Thus it is imperative that 
some form of systemically active adjuvant 
therapy be administered to prolong their 
survival. Preliminary results from Donald- 
son [15, 16] together with the present re- 
sults of treatment in the six patients with 
established disease show that methotrexate 
is an active agent in squamous cell carci- 
noma of the head and neck. However, in 
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Fic. 1.—Sequential DNCB reactivity in patients 
with head and neck neoplasms. 
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our opinion, the BCG-methotrexate com- 
bination appears to have limited value for 
this type of patient. Only one of six pa- 
tients achieved a complete response, and 
that had to be followed by further surgical 
intervention. Thus it appears unlikely that 
complete tumor destruction was ever 
achieved. 

The results of chemoimmunotherapy as 
adjuvant to surgery or irradiation were 
much more impressive. Since, statistically, 
80% of these patients would develop re- 
current disease, residual subclinical disease 
was very likely present at the completion 
of surgery and/or radiation therapy. The 
favorable results reported here must be 
tempered by the fact that this was not a 
randomized trial nor did it include con- 
secutive patients; also, the duration of the 
study was relatively short. However, the 
results are encouraging since the clinical 
course of patients with advanced tumors of 
the head and neck is relatively constant. 
The median time to recurrence in several 
series is approximately 8 months. A much 
longer follow-up time is obviously required 
before the actual outcome for these pa- 
tients can be determined. However, it does 
appear that the procedure of chemo- 
immunotherapy is well tolerated with ac- 
ceptable toxicity and that it decreases the 
recurrence rate, at least based on the short- 
term follow-up of these patients. Whether 
the disease will eventually recur remains 
to be seen. 

In addition, the question remains of 
whether BCG immunotherapy contributed 
to the chemotherapeutic regimen. On the 
basis of these limited data, the answer is 
uncertain. Although the nonspecific re- 
activity to DNCB was maintained in four 
patients and even reversed from negative 
to positive in I2 patients, it is not clear 
whether BCG was responsible. Conse- 
quently we have begun a prospective trial 
that will randomize patients with ad- 
vanced T3 and T4 lesions into adjuvant 
chemotherapy alone versus chemoimmuno- 
therapy. 


EILBER AND MORTON 


Hopefully a combination of presently 
available treatment modalities—surgery, 
radiation therapy, chemotherapy, and im- 
munotherapy—will result in a more suc- 
cessful means for disease control in a 
greater percentage of these patients. 
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IMMUNOTHERAPY OF MALIGNANCIES: 
CURRENT STATUS 


FREDERICK R. Eriper,! E. Carmack Hoimes, Donatp L. Morton, 
KENNETH P. RAMMING, AND FRANK C. SPARKS 


The importance of host resistance against 
neoplastic cells has been espoused for a 
long time. Observations of spontaneous 
regression of tumors and long disease-free 
intervals in patients otherwise expected to 
have rapid recurrences have provided cre- 
dence for this theory [1]. For the immune 
system to selectively destroy malignant 
cells, the tumor must contain antigens that 
are unique and distinct from those on nor- 
mal cells. Otherwise there would be no 
stimulus for the immune system to mount 
response against. 

Numerous reports document in vitro 
evidence for the presence of tumor-associ- 
ated antigens on malignant cells [2-9]. 
These antigens have been identified by 
several different immunologic techniques 
and were shown to be immunogenic in 
patients because the in vitro reactions were 
demonstrated in sera from tumor-bearing 
patients. Therefore, it would appear that 
there is an in vivo immunologic response 
against these antigens. 

The clinical question posed as a result of 
these studies is whether this immune ac- 
tivity could be augmented to achieve a 
therapeutic destruction of tumor cells. 


EXPERIENCE WITH IMMUNOTHERAPY 
In Animals 


Experiments in animal tumor systems 
have shown that there are several non- 
specific immunostimulating agents that can 
be used successfully both for immunopro- 
phylaxis and for immunotherapy: BCG [10, 
11], MER [12], and C. parvum [13-15]. If 
administered prior to tumor challenge, each 
of these was effective in preventing the 


growth of a transplanted tumor in animal 
systems. They also were effective in de- 
stroying growing tumors if directly in- 
jected into intracutaneous lesions [16, 17]. 
Finally, a systemic immunotherapeutic 
effect was achieved when these immuno- 
stimulants were administered at the same 
time or a limited number of days after 
tumor cell transplant [17, 18]. The evi- 
dence for an immunologic phenomenon 
comes from the observation that these 
agents were not effective in the immuno- 
suppressed host [11]. However, it must be 
emphasized that the presently available 
methods of immunoprophylaxis and im- 
munotherapy have a finite therapeutic effec- 
tiveness. Most investigators believe that 
the limit is 10’ or 108 tumor cells [19, 20]. 
In immunoprophylaxis, immunity can be 
overcome by increasing the dosage of chal- 
lenging tumor cells, and in the therapy 
situation either by increasing the dosage or 
delaying the onset of immunotherapy fol- 
lowing cell challenge [18]. 


In Man 


The original trials of immunotherapy for 
human malignancies consisted of adminis- 
tration by local injection of nonspecific 
immunologic adjuvants in patients who 
had disseminated disease. The first report 
by Morton et al [21] described results in 
patients treated by direct injection of BCG 
for intracutaneous and subcutaneous de- 
posits of metastatic malignant melanoma. 
A recent report [22] summarized further 
results and showed that approximately 
95% of the directly injected intracutaneous 
lesions regressed, indicating that BCG had 
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a remarkable local effect. This effect ap- 
peared to be an immunologic one because 
it did not occur in patients who did not 
have a positive reaction to the PPD skin 
test or who could not demonstrate a non- 
specific immunologic reaction to DNCB. 
A systemic reactivity was suggested by the 
observation that approximately 20% of 
the patients had regression of noninjected 
lesions. These results have been confirmed 
by several other investigators [23-25] and 
appear to be a reproducible phenomenon. 

However, the results in patients who 
had direct injection of subcutaneous nod- 
ules were not nearly as good. In this group 
only about 10% of lesions regressed or 
were controlled. More important, there 
was no regression of noninjected lesions 
[22]. This response could be related to poor 
infiltration of the tumor as well as to the 
large bulk of tumor cells present at the 
time of immunologic therapy. 

The phenomenon of regression of directly 
injected intracutaneous lesions is not pecu- 
liar to malignant melanoma. There have 
been several reports of excellent control of 
chest wall recurrent carcinoma of the breast 
[26] and of multiple basal cell carcinomas 
[27]. Thus it appears that BCG and other 
nonspecific immunostimulants are effec- 
tive when injected directly into intra- 
cutaneous tumors even in patients with 
disseminated disease. 


SYSTEMIC EFFECT OF IMMUNOLOGIC 
STIMULANTS 


Since BCG appeared to be locally effec- 
tive for disseminated disease, the next 
question concerned whether it might be 
active as a systemic adjuvant following 
surgical resection for widespread disease. 
In 1971, a pilot study was begun at UCLA 
to determine the feasibility of such treat- 
ment for malignant melanoma. 

Forty-four patients with disseminated 
melanoma underwent surgical resection of 
all gross tumor. At 3—6 weeks after the re- 
section, weekly immunizations were begun 
with BCG (Tice strain) for 3 months fol- 
lowed by biweekly intervals for 1 year 
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Fic. 1.—Recurrence rate in patients with 
stage III melanoma. Vertical axis=cumu- 
lative percentage of patients free of disease; 
horizontal axis=time from operative pro- 
cedure. 


[22]. Results showed a difference at all 
points of analysis in both recurrence (fig. 1) 
and survival (fig. 2) for patients treated 
with surgical resection and adjuvant im- 
munotherapy compared to patients treated 
by surgery alone. However, these results 
were not statistically significant. Therefore, 
although some clinical improvement was 
observed, it was minimal. 

A recent report from M.D. Anderson 
Hospital [28] indicated a slight improve- 
ment in survival for patients with dis- 
seminated malignant melanoma who were 
treated with chemotherapy and adjuvant 
BCG immunotherapy. In a similar chemo- 
therapy trial, Israel [29, 30] reported dra- 
matically improved response to chemo- 
therapy in patients with oat cell carcinoma 
of the lung treated with C. parvum immuno- 
therapy. While the reason for these results 
is unclear, Israel has hypothesized that 
immunotherapy decreased marrow toxicity 
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of patients had an 80% chance of develop- 
ing recurrent disseminated disease within 
2 years of surgery, it was assumed that 
subclinical residual disease was present 
following surgery [32]. A total of 118 pa- 
tients with pathologically proven metasta- 
sis to regional nodes were studied: 34 were 
treated by lymphadenectomy alone and 
84 with the identical surgical procedures 
plus adjuvant immunotherapy. Again, Tice 
strain BCG was administered intradermally 
every week for 3 months and biweekly 
thereafter. 

The results of this trial showed a de- 
creased recurrence rate (fig. 3) and an im- 
proved survival (fig. 4) in patients treated 
with adjuvant immunotherapy compared 
to a nonrandomized control group treated 
by surgery alone. Statistical analysis 
showed no differences in response in the 
two groups using the criteria of age, sex, 
number of nodes involved, or anatomic 
location of the primary tumor. However, 
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so that an increased amount of chemo- 
therapy could be administered. 


ADJUVANT IMMUNOTHERAPY IN MORE 
LOCALIZED DISEASE 


As a result of the animal studies and the 
pilot immunotherapy experience in human 
malignant disease, investigators concluded 
that although immunotherapy could be 
administered with relatively minimal tox- 
icity [31], it had limited therapeutic poten- 
tial for treatment of disseminated malig- 
nancy when combined with surgical ther- 
apy. Therefore, they reasoned that a 
greater therapeutic benefit might be real- 
ized if adjuvant immunotherapy were ad- 
ministered in a more favorable clinical 
situation, that is, in patients with a smaller 
amount of residual subclinical disease. 

Thus another pilot study was designed 
using adjuvant immunotherapy in pa- 
tients with malignant melanoma metastatic 
to regional lymph nodes. Since this group 
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when time to recurrence was analyzed (up 
to 30 months), a statistical difference was 
observed between the control and treat- 
ment group at all points of analysis. 
Whereas half of the control group had re- 
current disease at 6 months, half of the 
treatment group have still not had a recur- 
rence. A therapeutic effect was demon- 
strated even in patients who had a recur- 
rence. When nonrecurrent patients were 
excluded, 50% of the control patients’ 
disease recurred by 4 months, whereas the 
so% recurrence interval was prolonged to 
11 months in the group treated with 
adjuvant immunotherapy. 

Further segregation of these stage II 
melanoma patients according to the num- 
ber of regional nodes involved indicated the 
importance of the amount of residual tumor 
burden. Although a statistical improve- 
ment was observed in patients treated with 
adjuvant immunotherapy, regardless of 
the number of involved nodes, the most 
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stage I and II soft tissue sarcomas. Hori- 
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axis=cumulative percentage of patients 
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favorable group had only one node in- 
volved. While 85% of these patients are 
free of disease, only 35% of patients with 
five or more nodes involved are free of 
disease. There was no correlation between 
recurrence and the number of involved 
nodes in the group treated with surgery 
alone, which emphasizes the high incidence 
of subclinical residual disease even in pa- 
tients with metastasis to only one regional 
lymph node. 

The systemic effectiveness of nontumor- 
specific adjuvant immunotherapy for other 
histologic types of malignancy has also 
been demonstrated. Of patients with local- 
ized soft tissue sarcoma treated by surgery 
alone, 80% developed recurrent dissemi- 
nated disease within 2 years of operation 
(fig. 5). However, analysis of patients with 
soft tissue tumors treated by surgery and 
adjuvant BCG immunotherapy showed 
60% free of disease at 2 years. Again, the 
group of patients with the least number of 
failures were those with stage I or primary 
tumors. 
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SUMMARY 


The results of various in vitro analyses 
indicate there is an active immune response 
against antigens associated with human 
malignancies. This immune response ap- 
parently can be augmented by nonspecific 
immunologic stimulants such as BCG. 
These agents are effective for destroying 
tumor when injected locally into intracu- 
taneous disease but are not as effective for 
subcutaneous disease. Preliminary clinical 
trials indicated that immune stimulants 
are effective when administered systemi- 
cally. The effect is only minimal for dis- 
seminated disease, but the therapeutic 
benefit is clearly augmented for patients 
with a minimal residual tumor burden, 
such as those patients with metastases to 
regional lymph nodes. Thus immunother- 
apy 1s a systemically active mode of ther- 
apy. Its toxicity is minimal, and it ap- 
pears to be effective in a wide spectrum of 
the disease. However, immunotherapy is 
not effective for a large residual tumor 
burden; consequently it must be used in 
combination with other modes of treatment 
such as irradiation therapy or chemo- 
therapy. 

Early experiences with BCG immuno- 
therapy for malignant melanoma and C. 
parvum for oat cell carcinoma are encour- 
aging. It is remarkable that a nonspecific 
immunologic stimulant does, in fact, have 
this effect. Immunotherapy experiments in 
animals suggest that in order to achieve 
maximal benefit, BCG must have close con- 
tact with tumor cells or must be combined 
with a tumor-associated antigen. If these 
principles are true for man, it would seem 
that improvements for nonspecific immuno- 
therapy in human neoplasms would be fur- 
ther augmented if a tumor-related antigen 
could be extracted from human tumors and 
combined with a nonspecific immunologic 
stimulant. 
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Alfidi, R. C. Pfister, Chairman. 

Instruction Courses: Director, E. Gedgaudas, Associate 
Director, H. O. Peterson. 

Representatives on the American Board of Radiology: 
R. W. McConnell, J. F. Roach, S. W. Nelson. 

Representative on the Board of Chancellors and Council 
of the American College of Radiology: W. B. Seaman. 


ANNUAL MEETING: September 20-24, 1976, Washington, D. C., Washington Hilton Hotel. 


SCIENTIFIC PROGRAM: Seymour Ochsner, President Elect, Ochsner Clinic, New Orleans, La. 
MANAGER ANNUAL MEETING: George A. Kling, Harper Hospital, Detroit, Mich. 


MEMBERSHIP: Hymer Friedell, Chairman, Executive Council, 
Case Western Reserve University, Cleveland, Ohio 44106. 


BUSINESS OFFICE: Keith W. Gundlach, Comptroller, American College of Radiology, 
20 North Wacker Drive, Chicago, Illinois 60606. 





AMERICAN RADIUM SOCIETY 


OFFICERS: 1975-76 
President: Felix N. Rutledge. 
President Elect: Luther W. Brady. 
Ist Vice President: Elliott Strong. 
2nd Vice President: Alfred Sherman. 
Secretary: Richard H. Jesse. 
Treasurer: Fred W. George, Ill. 


COMMITTEES 1975-76 


Executive Committee: V. A. Marcial, F. N. Rutledge, 
L. W. Brady, E. Strong, R. H. Jesse, A. |. Sherman, F. 
George, A. Raventos, Chairman. 

Public Relations Committee: W. J. Taylor, R. G. Parker, 
W. G. Cosbie, J. M. W. Gibson, Chairman. 


Publication Committee: K. L. Krabbenhoft, A. F. Schroeder, 
L. W. Brady, Chairman. 

Scientific Program Committee: L. W. Brady, D. Johnson, 
A. S. Ketcham, F. N. Rutledge, Chairman. 

Janeway Lecture Committee: A. S. Ketcham, S. H. Levitt, 
L. W. Brady, Chairman. 

Local Arrangements Committee: J. M. W. Gibson, Chair- 
man. 

Representatives on the American Board of Radiology: 
J. J. Stein, E. Richard King, R. M. Scott. 

Representative on the Board of Chancellors of the Ameri- 
can College of Radiology: J. A. del Regato. 

Liaison Representative on the National Council on Radia- 
tion Protection and Measurements: Lawrence W. Davis. 


ANNUAL MEETING: May 9-14, 1976, Vancouver, British Columbia, Bayshore Inn. 
SCIENTIFIC PROGRAM: Felix N. Rutledge, President, Houston, Texas 


LOCAL ARRANGEMENTS: John M. W. Gibson, Vancouver, British Columbia 


MEMBERSHIP: Richard H. Jesse, Secretary, M. D. Anderson Hospital and Tumor Institute, 


Houston, Texas 77025. 


BUSINESS OFFICE: Richard H. Jesse, 6723 Bertner Avenue, M.D. Anderson Hospital and Tumor Institute, 


Houston, Texas 77025. 
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CT AND THE PLANNERS 


Radiologists considering the acquisition of 
computed tomography (CT) units for 
hospital installation have learned the neces- 
sity for obtaining approval from a desig- 
nated planning organization. These organi- 
zations derive their authority from various 
local, state, or federal laws. The federal 
legislation concerning health planning is 
found in the Social Security Act, section 
1122, the purpose of which is to assure that 
federal funds are not used to support un- 
necessary capital expenditures for health 
care facilities. Under this section, each 
state must have a designated planning 
agency to review all capital proposals and 
submit recommendations to the secretary 
of the Department of Health, Education, 
and Welfare. The law further authorizes 
the secretary to withhold reimbursement 
from institutions that fail to file the re- 
quired Statement of Need for services pro- 
vided patients sponsored under Maternal 
and Child Health legislation and Medicare 
programs of the Social Security Act. The 
criteria which the designated planning 
agency uses in evaluating proposals include 
(1) the current or projected community 
need for health services, (2) the prospect of 
adequate staffing and operation, (3) eco- 
nomic feasibility, and (4) cost containment 
through productivity. 

Unlike the authors of the legislation, 
many in the medical profession believe that 
cost control as a primary goal is inappropri- 
ate. However, the law exists, and short of 
unlikely legislation to alter it, we must live 
within its framework. 

For most radiologists, the impact of this 
legislation was minimal until the arrival of 
CT scanners because the federal law con- 
cerns itself with capital expenditures over 
$100,000. But as CT prices are well in 


excess of this figure, approval of planning 
bodies is a requirement for acquisition of 
this equipment in the hospital setting. 

There are a number of reasons why plan- 
ning agencies are concerned about CT. The 
substantial capitalization cost for the 
equipment will be reflected in the growing 
cost of health care for this nation, now 
approximately 7% of the gross national 
product. In addition to capitalization ex- 
pense, the individual fees for CT which 
have been established thus far will result in 
a significant increase in annual medical 
care costs. The planners are understand- 
ably seeking evidence of cost effectiveness 
of CT in eliminating other diagnostic stud- 
ies or reducing hospitalization expense. 
They are also concerned that present units 
will be outmoded quickly, requiring re- 
placement or expensive modification. 

In many communities, planning organi- 
zations have been able to develop workable 
criteria and guidelines for acquisition of CT 
brain scanners but have discovered that 
similar criteria and guidelines for whole- 
body CT are very elusive. In some areas the 
restrictive conditions being imposed by 
health planners on hospital acquisition 
have paradoxically resulted in the rapid 
expansion of CT installations in private 
offices. 

There are significant dangers to the radio- 
logic community, the public, the indus- 
trial complex, and, indeed, to the entire 
medical community in misguided actions— 
or inaction—by the planners. These dan- 
gers include: 

1. An invitation to legislate planning au- 
thority over the nonhospital practice of 
medicine. Currently, the only leverage 
which planners have is to influence the 
Blues and Medicare to refuse reimburse- 
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ment for potentially covered patients in the 
private office; but it has not escaped their 
attention that this situation could be 
altered by extending their authority to 
equipment purchases in the nonhospital 
environment. 

2. Further invasion of medical practice 
by government. At least one planning or- 
ganization has suggested that equipment 
acquisition should be restricted until the 
diagnostic value and potential of the equip- 
ment are better known. Moreover, it sug- 
gests planners should concern themselves 
with setting priorities by type of patient, 
disease entity, and physician specialty in 
use of the equipment. 

3. Review of radiologic research by 
planning organizations. If the radiological 
community is unable to scientifically justify 
the efficacy of CT, particularly in the 
whole-body area, it has occurred to some 
planners that they might fill this void. A 
recent draft of criteria and guidelines from 
one planning agency contained provisions 
for whole-body scanning, including de- 
velopment of hypotheses, research design, 
statistical procedures to be used, and will- 
ingness of the applicant to release test 
results to the planning agency. It also 
proposed the requirement for performance 
of comparative analyses between CT and 
traditional diagnostic procedures, with the 
planning body assuming authority to re- 
view the medical research. 

4. A potentially inferior level of patient 
care. With newer generations of CT scan- 
ners purported to be more efficaceous clini- 
cally, some radiologists consider themselves 
prudent in waiting to evaluate the emer- 
gence of newer generations of scanners. 
Yet while their investigation is underway, 
other, less conservative hospitals in the 
community may receive the necessary cer- 
tification of need and potentially deny ac- 
quisition of future, improved units in that 
community. 

5. Reduction in research and develop- 
ment funds by industry. The enthusiasm of 
industry to continue funding development 
may be dampened by market restriction as 
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the planning organizations and the federal 
government overreact to the current in- 
tensity of purchase efforts. The general 
enthusiasm for CT by the medical profes- 
sion has fostered fierce competition among 
the commercial companies, with several 
announcing great claims for the future in 
order to gain their share of the market. 
Whereas competition could cause a reduc- 
tion in the cost of CT units, market re- 
striction will produce the opposite result, 
since manufacturers will be forced to 
amortize their very high development costs 
over a smaller number of units. 

There is a compelling need, then, for 
the medical profession to actively engage in 
seeking ways to prevent these dangers from 
being translated into devastating laws and 
regulations that will affect not only the 
radiological community but potentially all 
of medicine. I presume to offer a few sug- 
gestions which, considering the alterna- 
tives, are worthy of thought, modification, 
and attempted implementation, depending 
on the specific community setting. 

Drastic reduction in fees for CT are im- 
perative. Most of us who purchased the 
initial CT units established fees which, 
judged in retrospect, seem entirely too high. 
We were concerned about amortization of 
our very expensive equipment and the 
maintenance of financial credibility with 
our hospital boards. At the time, we had no 
concept of the number of patients who 
might be studied and the impact of large 
patient volume on lower individual costs to 
patients. And we correctly expected addi- 
tional expenses (e.g., higher matrices, 
archival magnetic tape systems, remote 
viewers, and, more recently, redesign of 
early units). 

Despite these concerns, experience has 
proven that CT, at least of the head, is an 
exceedingly profitable undertaking. The 
result, almost unprecedented in the history 
of radiology, is that corporations and 
partnerships for profit are springing up 
around the country, commonly composed 
of neurologists, neurosurgeons, perhaps 
radiologists, and other interested investors, 
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for the purchase and operation of CT units 
in outpatient settings. These arrangements 
have significant advantages to the investor 
who can expect substantial depreciation to 
reduce taxable income and gain a signifi- 
cant return on investment. One is tempted 
to make analogies between these situations 
and those of doctors owning drugstores or 
engaging in fee splitting with the referring 
physician. This level of profit has not gone 
unnoticed by commercial manufacturers 
who can calculate the large profits and are 
at least tempted, if not persuaded, to price 
their equipment, accessories, and modifi- 
cations at a level where they will share in 
the “retail” profit. 

In my opinion, the only remedy to cor- 
rect these temptations and put CT in 
proper perspective in the health care area 
is a realistic reappraisal of fees. This seems 
especially important in the initial phase 
of body scanning where the medical efh- 
cacy of CT has yet to be established. Lower 
fees might also dampen the enthusiasm of 
those who wish to enter the field primarily 
for economic reasons. 

A second possible solution is the develop- 
ment of community coordination of pro- 
curement so that all authorized units would 
not be of the same vintage. A “sequential 
certification” procedure might be invoked 
which would authorize purchase of a suc- 
cession of CT units staggered over 2-3 
years. Under this mechanism, radiologists 
in hospitals could obtain authorization for 
purchase which then could be implemented 
at a later date, allowing them opportunity 
to appraise and investigate newer genera- 
tions of units without being penalized. 

A third approach is the radiation center 
concept in which there would be multiinsti- 
tutional capital investment and interhos- 
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pital staff participation in the operation of 
a centralized CT unit or units. There are a 
number of obvious disadvantages of this 
concept. Aside from hurt of personal pride 
of a particular institution that would not 
have sole propriety, a primary medical 
reason against the centralized concept 
would be the inability of some patients to 
be transported to the facility because of 
their medical condition. However, it should 
not be difficult to justify location of a satel- 
lite unit in a particular hospital if it has 
a sufficient number of seriously ill patients 
requiring CT. This might be the equivalent 
of the several types of radiation therapy 
centers we know today, some primarily de- 
signed for definitive therapy and others 
for palliation, each requiring different phys- 
ical equipment and personnel support. 
The alternative to such suggestions is to 
leave things alone and take a chance that 
local, state, and federal planners will be 
omniscient and make the proper decisions 
for us. In doing so, the risk is that pa- 
tients, individual radiologists, hospitals, 
the industrial community—indeed the en- 
tire free medical enterprise system—might 
be denied the full potential of this magnifi- 
cent technical achievement. Radiologists 
must take initiatives both locally and 
nationally to assure that wisdom, in- 
cluding personal fee restraint, prevails as 
this exciting new era in medicine takes 
shape. 
Tuomas F. MEANEY 
Cleveland Clinic 
Cleveland, Ohio 44106 


Editor's Note: The Journal would welcome 
responses to this and other statements and 
will initiate a Letters to the Editor section 
if there is sufficient interest. 
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DIAGNOSTIC ULTRASOUND IN GASTRO- 
ENTEROLOGY AND UROLOGY 


A symposium on Diagnostic Ultrasound 
in Gastroenterology and Urology is slated 
for September 9-10 at Johns Hopkins Hos- 
pital, Baltimore. 

Sponsored by the radiology, gastroenter- 
ology, and urology departments at Johns 
Hopkins, the program is designed for the 
practicing ultrasonographer, gastroenterol- 
ogist, and urologist. In-depth coverage of 
applications of diagnostic ultrasound will 
be provided. The fee is $150, $100 for resi- 
dents and technicians. 

For additional information, write to Dr. 
Janet B. Hardy, Department of Continuing 
Education, Room 17, Johns Hopkins Uni- 
versity School of Medicine, 720 Rutland 
Avenue, Baltimore, Maryland 21205. 


PARTICLES AND RADIATION 
THERAPY CONFERENCE 


Recent developments in the use of neu- 
trons and charged particles in cancer ther- 
apy will be the subject of an international 
conference. Entitled “Particles and Radi- 
ation Therapy (Part II), the conference 
will be held September 15-17, 1976 at the 
University of California, Berkeley. 

The conference is sponsored by the 
American College of Radiology and funded 
by the National Cancer Institute Division 
of Cancer Research Resources and Centers. 
Category I continuing education credit is 
available. Registration fee is $100, and at- 
tendance is limited to 400. 

Clinicians, biologists, physicists, and 
nuclear engineers will discuss the advan- 
tages and problems involved in the clinical 
applications of pions, protons and heavy 
ions, and neutrons. The agenda also will 
cover other aspects of particle use, includ- 
ing diagnosis and economic factors. 

For additional information, contact Dr. 
William E. Powers, Chairman, Part 2 
Conference, American College of Radiol- 


ogy, 130 South gth Street, Philadelphia, 
Pennsylvania 19107. 


GASTROINTESTINAL RADIOLOGY 


A 3-day postgraduate course in gastro- 
intestinal radiology sponsored by the 
Society of Gastrointestinal Radiologists 
will be held in Bermuda on September 16- 
19. The course will be offered in conjunc- 
tion with the society’s 1976 meeting at the 
Princess Hamilton Hotel. Registration fee 
is $175. 

For more information, contact Dr. Sid- 
ney Nelson, 4615 139th Street SE, Bellevue, 
Washington 98006. 


CANCER RESEARCH AND CLINICAL 
INVESTIGATION 

A National Conference on Cancer Re- 
search and Clinical Investigation spon- 
sored by the American Cancer Society and 
the National Cancer Institute will be held 
September 20-22 at the Chase-Park Plaza 
Hotel in St. Louis. (Previously the confer- 
ence location had been announced as At- 
lanta, Georgia.) 

Purpose of the conference is to present 
important developments in basic cancer 
research and to demonstrate the relation- 
ship of that work to clinical investigation. 
Sessions are open to all members and stu- 
dents of the medical and dental professions. 
The conference meets the criteria for credit 
by the American Medical Association, the 
American Academy of Family Physicians, 
and the American Osteopathic Association. 

Additional information is available from 
Dr. Sidney L. Arje, American Cancer 
Society, 777 Third Avenue, New York, 
New York 10017. 


RADIATION-ASSOCIATED 
THYROID CANCER 
A conference and workshop on radiation- 
associated thyroid cancer is scheduled for 
September 30 and October 1, 1976, at the 
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Center for Continuing Education of the 
University of Chicago. The purpose is to 
analyze available data on the association 
between x-ray and cancer; to analyze the 
biologic significance of the tumors; to dis- 
cuss patient finding, diagnosis, treatment; 
and to offer recommended approaches to 
the problem. 

Among topics to be discussed are: 
clinical staging and pathological classifica- 
tion of thyroid neoplasms; clinical course 
of radiation-associated cancers; incidence 
of tumors with and without radiation; 
pathology of radiated thyroids; relation of 
radiation dose to incidence; publicity, 
screening programs, costs; thyroid scans, 
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blood tests, and biopsy; criteria for surgery 
and type of surgery; thyroid suppression; 
and other radiation hazards. 

Individuals who have critical data or 
analyses related to any of the topic areas 
are invited to submit presentations, pro- 
viding titles and a paragraph summary. 

A U.S. Public Health Service grant will 
provide limited funds for travel awards to 
U.S. or foreign participants who could not 
otherwise attend. 

For more information contact Dr. Leslie 
J. DeGroot, Thyroid Study Unit, Depart- 
ment of Medicine, University of Chicago, 
gso East sgth Street, Chicago, Illinois 
60637. 





SOCIETY PROCEEDINGS 
a see ee 
MEETINGS OF RADIOLOGICAL SOCIETIES* 


UNITED STATES oF AMERICA 


AMERICAN RoeEntcEN Ray Society 
Secretary, Dr. James Franklin Martin, 300 S. Haw- 
thorne Rd., Winston-Salem, N. C. 27103. Annual Meet- 
neil Washington Hilton, Washington, D. C., Sept. 20-24, 
1976. 

AMERICAN Rapium SOCIETY 
Secretary, Richard H. Jesse, Dept. of Surgery, M. D. 
Anderson Hosp. and Tumor Institute, Houston, Tex. 
77025. 

RADIOLOGICAL Society or NORTH AMERICA 
Secretary, Dr. Theodore A. Tristan, Harrisburg, Pennsy]- 
vania. 

AMERICAN COLLEGE oF RADIOLOGY 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago, Ill. 60606. 

Section on RADIOLOGY, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. Antolin Raventos, Davis, Calif, 

AMERICAN Boarn or RapIoLocy 
Secretary, Dr. C. Allen Good. Correspondence should be 
directed to Kahler East, Rochester, Minn. ssgor. 
Oral examinations will be held: Marriott Motor Hotel, 
Chicago, Ill., June 14-19, 1976; Sheraton Biltmore, 
Atlanta, Ga., Dec. 6-11, 1976. 

Written examinations will be held in 14 selected sites on 
June 26, 1976. 

Applications must be received in the Board Office 
before Sept. 30 of the year preceding the one in which the 
candidate wishes to be examined. 

AMERICAN Boarn or Nucrear Menicine, Inc. A Conjoint 
Board of the American Boards of Internal Medicine, 
Pathology and Radiology and sponsored by the Society 
of Nuclear Medicine. 

Application forms and further information are avail- 
able from the American Board of Nuclear Medicine, 
305 E. 45th St., New York, N. Y. 10017. 

AMERICAN ASSOCIATION OF Puysicists IN MEDICINE 
Secretary, Dr. Robert G. Waggener, Dept. Radiol., Univ. 
Tex. Health Sciences Center, San Antonio, Tex. 78284 
Annual Meeting: Cincinnati, Ohio, July 31-Aug. 4, 1977. 

AMERICAN Society oF THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. Robert W. Edland, 1836 South Ave., La 
Crosse, Wis., 54601. Annual Meeting: 

AMERICAN NUCLEAR Society 
Program Chairman, Werner K. Kern, IRD, Space 
Nuclear Systems, F 309, U. S. Atomic Energy Commis- 
sion, Washington, D.C. 20545. 

AMERICAN [INSTITUTE or ULTRASOUND IN MEDICINE 
Secretary, John M. Reid, Ph.D., 556 18th Ave., Seattle, 
Wash. 98122. Annual Meeting. 


AMERICAN Society oF NEURORADIOLOGY 
Secretary, Arthur E. Rosenbaum, University of Pitts- 
burgh, Pittsburgh, Pa. 15261. 

FOURTEENTH INTERNATIONAL Conoress or RADIOLOGY 
Rio de Janeiro, Brazil, Oct. 23-29, 1977. 
President Elect: Prof. Dr. Nicola C. Caminha; Genera/ 
Secretary: Dr. Durval Couto. Av. Churchill, 97-50 and- 
LC-39 20,000 Rio de Janeiro, Brazil. 

INTERNATIONAL SociETy oF RADIOLOGY 
Hon. Secretary-Treasurer, Prof. W. A. Fuchs, M.D., De- 


artment of Diagnostic Radiology, University Hospital, 
nuaa CH-3010 Bern, Switzerland. 

TWELFTH INTER-AMERICAN Concress oF RADIOLOGY 
President, Dr. Publio Vargas Pazzos, Casilla 5227, 
Guayaquil, Ecuador. Meeting in Quito, Ecuador, 1979. 

INTER-AMERICAN COLLEGE OF RADIOLOGY 
President, Manuel Viamonte, Jr., M.D., Mt. Sinai Medi- 
cal Center, 4300 Alton Rd., Miami Beach, Fla. 33140. 
Secretary, Gaston Morillo, M.D., Jackson Memorial 
Hosp., 1700 N.W. 10th Ave., Miami, Fla. 33152. 
Counselor for the United States, J. A. del Regato, M.D., 
Univ. of So. Fla. College of Medicine, 13000 No. joth St., 
Tampa, Fla. 33612. 

TuirD CONGRESS oF THE EUROPEAN ASSOCIATION OF 
RADIOLOGY 
Secretary-General, P.O. Box 14, 79 Lauriston Place, Edin- 
burgh BHI IDB, Scotland. 

Second Asian AND OCEANIAN Conoress oF RADIOLOGY 
Secretary, Dr. Buenaventura U. V. Angtuaco, Congress 
Secretariat Headquarters, 2161 Taft Ave., Manila, Philip- 
pines. Meeting: 

ALABAMA CHAPTER OF ACR 
Secretary-Treasurer, Dr. Lawrence E. Fetterman, 1720 
Springhill Ave., Suite 201, Mobile, Ala. 36604. Meets 
time and place of Alabama State Medical Association. 

Ataska Raptotocica Society, CHAPTER oF ACR 
Secretary-Treasurer, Dr. Maurice J. Coyle, 3200 Provi- 
dence Ave., Anchorage, Alaska 99504. 

AMERICAN OsTEOPATHIC CoLLEGE or RADIOLOGY 
Annual Scientific Meeting: Americana Hotel, Bar Harbor, 
Fla. Program Administrator: Lawrence J. Jordan, D.O., 
Suite 21, Ponce American Bldg., 4601 Ponce de Leon 
Blvd., Coral Gables, Fla. 33146. 

AMERICAN THERMOGRAPHIC SOCIETY 
Secretary-Treasurer, John Wallace, Ph.D., Dept. Radiol., 
Thomas Jefferson Univ. Hosp., Philadelphia, Pa. 19107. 
Annual Meeting. 

Arizona RapioLocicat Society, CHAPTER oF ACR 
Secretary, Dr. Irwin M. Freundlich, 1sor N. Campbell 
Ave., Dept. Radiol., Tucson, 85724. Two regular meet- 
ings a year. Annual meeting at time and place of State 
Medical Association and interim meeting six months 
later. 

Ark-La-TeEx Rapio.oaicat Society 
Secretary, Dr. Erich K. Lang, 1541 Kings Highway, 
Shreveport, La. 71130. Meets monthly on fourth Wednes- 
day, 8:00 P.M., Sept. to May. 

ARKANSAS CHAPTER OF ACR 
Secretary-Treasurer, Dr. Richard Seibold, Jr., Wadley 
Hosp., Texarkana, Ark.—Tex. 75501. Meets twice annu- 
ally, the Spring Meeting being in conjunction with and 
at the place of the State Medical Association. 

AssociaTION OF University RADIOLOGISTS 
Secretary-Treasurer, Dr. Arch W. Templeton, Univ. of 
Kansas Med. Center, 39th and Rainbow Blvd., Kansas 
City, Kansas 66103. Annual Meeting. 

ATLANTA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. James H. Larose, Dept. Nuclear 
Med., South Fulton Hosp., East Point, Ga. 30344. Meets 
on four Thursday evenings during the academic year ata 
time announced in early September of each year, at vari- 
ous Atlanta restaurants. 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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BAVARIAN-AMERICAN Rapro.oaic Society 
Secretary, LTC. Marco J. DiBiase, M.D., Radiology 
Service, Heidelberg, 130 Station Hosp., APO N. Y. 09102. 
Meets quarterly. 

BLockLey RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. William H. Green, 616 East 24th 
St., Chester, Pa. 19013. 

Biuecrass RaDIOLocicaL SOCIETY 
Secretary-Treasurer, Dr. James C. King, Jr., 3313 Over- 
brook Drive, Lexington, Ky. 40502. The Society meets 
once each month during the school year. 

Bronx Raprotocicat Society, New York State, CHAP- 
TER ACR 
Secretary-Treasurer, Dr. Leon J. Corbin, 1369 Rosendale 
Ave., Bronx, N. Y. 10472. Meets 4 times a year. 

BrooKLyn RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Ralph Brancaccio, 7901 4th 
Ave., Brooklyn, N. Y. 11209. Meets first Thursday of 
each month, October through June. 

BurFaLo RADIOLOGICAL SOCIETY 
Secretary, Dr. George J. Alker, Jr., E. J. Meyer Mem. 
Hosp., Buffalo, N. Y. 14215. Meets second Monday 
evening each month, October to May inclusive, at Uni- 
versity Club. 

CALIFORNIA RADIATION THERAPY ASSOCIATION 
Secretary-Treasurer, Dr. Duane J. Gillum, Stanford Medi- 
cal Center, Stanford, Calif. 94304. Meets semiannually in 
San Francisco and Los Angeles. 

CALIFORNIA RADIOLOGICAL Society, CALIFORNIA CHAPTER 
or ACR 
Secretary-Treasurer, Dr. John L. Gwinn, 4650 Sunset 
Blvd., Los Angeles, Calif. 90027. 

CatawBa VaLLey RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Joe Jacumin, P.O. Box 26s, 
Rutherford College, N. C. 28671. Meets the last Thurs- 
day of every month, Holiday Inn, Morganton, N. C. at 
7230 P.M. 

Centrat New York Rapio.ocicat Society 
Secretary-Treasurer, Dr. Alfred Brettner, Auburn Mem. 
Hosp., Auburn, N. Y. 13021. Meets first Monday each 
month October through May. 

CenTRAL Onto RADIOLOGICAL Society 
Secretary-Treasurer, Dr. Daniel E. Lewis, 309 East State 
SE, Colanibus, Ohio 43215. Meets second Thursday in 
October, November, January, March, and May at Fort 
Hayes Hotel, Columbus, Ohio. 

CENTRAL Texas Rapio.tocy Society 
Secretary-Treasurer Dr. E. Jerome Schoolar, Scott and 
White Clinic, Temple, Tex. 76501. Meets the fourth 
Monday of each month at Ponderosa Hotel, Temple, 
Tex. at 7:05 P.M. 

Cuicaco Rapiotocicat Society, Division oF THE 
ILLiNors Raprotocicat Society, CHAPTER oF ACR 
Secretary-Treasurer, Dr. Harold J. Lasky, 5s E. Wash- 
ington St., Suite 1735, Chicago, Ill. 60602. Meets third 
Thursday of each month, October to April, except De- 
cember, at the Bismark Hotel, Chicago, Ill. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Charles M. Greenwald, 7007 
Powers Blvd., X-Ray Dept., Parma, Ohio 44129. Meet- 
ings at 7100 P.M. on e Monday of October, Novem- 
ber, January, February, March and fifth Monday of April. 

CoLorano RanioLoGIcaL Society, CHAPTER OF ACR 
Secretary, Dr. John Pettigrew, Denver, Colo. Meets 
third Friday of each month at Denver Athletic Club 
from September through May. 

Connecticut VaLLeEY RaDpioLocIc Society 
Secretary, Dr. Gerald N. LaPierre, 759 Chestnut St., 
Springfield, Mass. o1107. Meets in April and October. 

DaLrLas-Forr WortH RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert R. Burns, 1400 Stem- 
mons Ave., Dallas, Tex. 75208. Meets the 3rd Monday 
of every monthat 6:30 P.M., at the Airport Hotel, Arling- 
ton, Tex. 
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DELAWARE CHAPTER or ACR 
Secretary, Dr. Ekkehard S. Schubert, Wilmington Med. 
Center, P. O. Box 1951, Wilmington, Del. 19899. 

East Bay Rapio.ocicat Society 
Secretary-Treasurer, Dr. Richard H. Culhane, 4 Vista del 
Mar, Orinda, Calif. 74563. Meets first Thursday each 
moni Oct. through May, at University Club, Oakland 
Calif. 

East TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. George H. Wood, 205 Medical 
Arts Bldg., Knoxville, Tenn. 37902. Meets in January 
and September. 

FLoripa RapioLocica Society, CHAPTER oF ACR 
Secretary. Dr. Paul J. Popovich, 1350 S. Hickory St., 
Melbourne, Fla. 32901. Meets twice annually, in the 
spring with the Annual State Society Meeting and in 
A fall. 

Ftoripa West Coast RADIOLOGICAL Society 
Secretary-Treasurer, Dr. Herbert Johnson, Davis Blvd., 
Tampa, Fla. 33606. Meets on 4th Thursday of the 
months January, March, May, October, and November. 

GeorciaA RapioLoacicat Society, CHAPTER oF ACR 
Secretary, Dr. E. P. Rasmussen, Piedmont Prof. Bldg., 35 
Collier Rd., N.W., Atlanta, Ga. 30309. 

GREATER CINCINNATI RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Owen L. Brown, 2421 Auburn 
Ave., Cincinnati, Ohio 45219. 

GREATER Kansas City RapDIoLocicaL Society 
President-Secretary, Dr. Jay I. Rozen, Suite 216, 6400 
Prospect, Kansas City, Mo. 64132. Meets 5 times a year. 

GREATER LOuISVILLE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. L. D. LeNeave, 315 E. Broad- 
way, Louisville, Ky. 40202. Meets monthly. 

GREATER Miami RADIOLOGICAL SOCIETY 
Secretary, Dr. David C. Hillman, P. O. Box 610544, North 
Miami, Fla. 33161. Meets monthly, third Wednesday at 
8:00 P.M. at various member hospitals, Miami, Fla. 

GREATER St. Louis Society or RADIOLOGISTS 
Secretary-Treasurer, Dr. Donald Callahan, Northland 
Med. Bldg., Jennings, Mo. 63136. 

Hawai Raprotocica Society, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Michael J. McCabe, Straub 
Clinic and Hosp., Honolulu, Hawaii 96813. Meets third 
Monday of each month at 7:00 P.M. 

HEALTH Puysics Society 
Secretary, Russell F. Cowing, P.O. Box 156, E. Wey- 
mouth, Mass. 02189. Annual Meeting. 

Houston RADIOLOGICAL SOCIETY 
Secretary, Dr. Neill B. Longley, 6436 Fannin, Suite 601, 
Houston, Tex. 77025. Meets fourth Monday of each 
month, except June, July, August and December, at 6:00 
P.M., at 103 Jesse H. Jones Library Building, Texas 
Medical Center, Houston, Tex. 77025. 

IpaHo StaTE Rapiotocica Society, CHAPTER OF ACR 
Secretary-Treasurer, Dr. John H. Truksa, 1605 Park Ave., 
Nampa, Id. 83651. Meets in the spring and fall. 

I:tino1s Raproocicat Society, Inc., CHAPTER oF ACR 
Secretary, Dr. Robert D. Dooley, Hinsdale Med. Cen- 
ter, Hinsdale, Ill. 60521. Meets in the spring and fall. 

InpIANA RoEntGEN Society, Inc., CHAPTER oF ACR 
Secretary, Dr. John A. Knote, Home Hosp., Lafayette, 
Ind. 47902. 

lowa Rapiotocicat Society, CHAPTER oF ACR 
Secretary-Treasurer, Dr. Dale L. Roberson, 1948 First 
Ave., NE, Cedar Rapids, Iowa 52402. Luncheon and 
business meeting during annual session of Iowa State 
Medical Society. The scientific session is held in the 
autumn. 

Kansas Rapiotocica Society, CHAPTER or ACR 
Secretary-Treasurer, Dr. Ralph H. Baehr, 310 Medical 
Arts Bldg., Topeka, Kan. 66604. Meets in spring with 
State Medical Society and in winter on call. 

Kentucky CuHapter or ACR 
Secretary-Treasurer, Dr. Bernard Sams, St. Joseph In- 
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firmary, 735 Eastern Parkway, Louisville, Ky. 40217. 
Meets in April and September. 
Kincs County RapioLoGIcaL Society 
Secretary, Dr. Sidney Hendler, 1880 Ocean Ave., Brook- 
lyn 30, N. Y. Meets Kings County Med. Soc. Bldg. 
monthly on fourth Thursday, October to May, 8:45 P.M. 
KNOXVILLE RADIOLOGICAL SOCIETY 
Secretary, Dr. Clifford L. Walton, Blount Professional 
Bldg., Knoxville 20, Tenn. Meetings are held the third 
Monday of every other month at the University of 
Tennessee Memorial Research Center and Hospital. 
Lonc Istanp RaDIoLocicat SociETY 
Secretary, Dr. Harry L. Stein, North Shore Univ. Hosp., 
300 Community Dr., Manhasset, N. Y. 11030. 


Los ANGELEs RaDIOLoGIcaL SOCIETY 
Secretary, Dr. Arthur F. Schanche, 333 North Prairie 
Ave., Inglewood, Calif. 90.301. Meets second Wednesday 
of month in September, November, January, April and 
June at Los Angeles County Medical Association Build- 
ing, Los Angeles, Calif. Midwinter Radiological Con- 
ference. Century Plaza Hotel, Los Angeles, Calif. 


Louisiana Raprovocicat Society, CHAPTER oF ACR 
Secretary-Treasurer, Dr. Roger H. Tutton, 1514 Jeffer- 
son Hwy., New Orleans, La. 70121. 


LouistaNa-LExAs Gur Coast RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. J. Gardiner Bourque, 3155 Stagg 
Dr., Suite 230, Doctors Bldg., Beaumont, Texas 77701. 


Maine Rapiotoaicat Society, CHAPTER or ACR 
Secretary-Treasurer, Dr. Peter E. Giustra, Dept. Radiol- 
ogy, Penobscot Bay Medical Center, Rockland, Maine 
04841. Meets in June, September, December and April. 

Maryland Rapiotoaicat Society, CHAPTER oF ACR 
Secretary, Dr. David S. O’Brien, Anne Arundel Hosp., 
Annapolis, Md. 21401. 

Massacuusetts RADIOLOGICAL Society, CHAPTER OF ACR 
Secretary, Dr. Joseph T. Ferrucci, Jr., Massachusetts 
Gen. Hosp., Boston, Mass. 02114. 

Mempuis ROENTGEN SOCIETY 
Secretary-Treasurer, Dr. R. Randolph Ramey, Baptist 
Memorial Hosp., 899 Madison Ave., Memphis, Tenn. 
38146. Meets first Monday Oct. through June at the 
University Club. 

Miami VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Bert Must, I.B.M. Bldg., Dayton, Ohio. 
Meets third Thursday of fall, winter and spring months 
at 7:30 P.M. at Miami Valley Hospital, Dayton, Ohio. 


Micuican RapioLocicaL Society, CHaprer or ACR 
Secretary-Treasurer, Dr. Francis P. Shea, Harper Hos- 
pital, 3825 Brush St., Detroit, Mich. 48201. Meets 
monthly, first Thursday, October through May, at 
David Whitney House, 1010 Antietam, at 6:30 P.M. 


Micwican Society or THERAPEUTIC RADIOLOGISTS 
Secretary-Treasurer, Dr. William I. Knapp, St. Mary’s 
Hosp., 830 S. Jefferson, Saginaw, Mich. 48601. Meets bi- 
monthly during the academic year. 

Miv-Hupson Rapiotocicat Society 
Secretary-Treasurer, Dr. William D. Stiehm, 37 Flower 
Hill Rd., Poughkeepsie, N. Y. 12603. Meets 7:00 P.M., 
first Wednesday of each month, September to May. 


MitwavukeeE Roentcen Ray Society 
Secretary-Treasurer, Dr. Thomas C. Lipscomb, 1004 
North Tenth St., Milwaukee, Wis. 53233. Meets monthly 
on alia Monday, October through May, at University 

ub. 

Minnesora Raprotocicat Society, CHaprer or ACR 
Secretary-Treasurer, Dr. Marvin E. Goldberg, Box 292, 
Mayo Memorial Health Sciences Center, Minneapolis, 
Minn. 55455. 

oo Srare Rapro.ocicat Society, CHAPTER OF 


Secretary-Treasurer, Dr. Edward L. Gieger, 969 Lake- 
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land Dr., Jackson, Miss. 39216. Meets third Thursday, 
excluding summer months, at the Primos Northgate 
Rest., Jackson at 6:30 P.M. 

Missouri RapioLocicat Society, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Ronald G. Evens, Mallinckrodt 
Institute of Radiology, s1o S. Kingshighway, St. Louis, 
Mo. 63110. 

Montana Rapio.ocicat Society, CHAPTER OF ACR 
Secretary, Dr. C. H. Agnew, Room 102, Doctors Bldg., 
Billings, Mont. s9101. 

NEBRASKA CHAPTER OF ACR 
Secretary-Treasurer, Dr. Robert Bodmer, Suite 622 Doc- 
tors Bdg., Omaha, Neb. 68131. Meets the third Wednes- 
day of the month, Oct. through March, at the Clarkson 
Hosp., Omaha, Neb. and the fourth Friday of April at 
the Lincoln Country Club, Lincoln, Neb. 


NeEvADA RapIoLoaicaL Society, CHAPTER OF ACR 
Secretary, Dr. Charles F. Veverka, Carson Tahoe Hosp., 
Carson City, Nev. 89701. 


N.E. Society ror RADIATION ONCOLOGY 
Secretary, Dr. C. C. Wang, Mass. Gen. Hosp., Boston, 
Mass. 02114. 


New Encianpb RoentcGEN Ray Society 
Secretary, Dr. Melvin E. Clouse, 185 Pilgrim Rd., 
Boston, Mass. 02115. Meets the third Friday of Oct. and 
Nov., and third Thurs. of each month. Jan. through May, 
excluding December, at The Longwood Towers, 20 
Chapel Since Brookline, Mass. at 3:00 P.M. 


A ta RoentGeN Ray Society, CHAPTER OF 

A 
Secretary-Treasurer, Dr. Edward P. Kane, Claremont 
Gen. Hosp., Claremont, N. H. 03743. Meets four to six 
times yearly. 

New Mexico Society or RapDio.ocists, CHAPTER OF ACR 
Secretary, Dr. W. M. Jordan, 1100 Central Ave. S.E., 
Albuquerque, N. M. 87106. Four meetings annually, 
three held in Albuquerque, N. M., and one held at time 
and place of New Mexico State Medical Society annual 
meeting. 

New OrLeans RapnioLocicaL Society, Ine, 
Secretary-Treasurer, Dr. Jimmy L. Mains, P.O. Box 446, 
Gretna, La. 70053. Meets bimonthly at local restaurants 
selected by the President. Spring Conference. 


New York RoeEntGEN Society 
Secretary-Treasurer, Dr. Thomas C. Beneventano, 111 
East 210th St., Bronx, N. Y. 10467. Meets monthly on 
the 3rd Monday at the New York Academy of Medicine 
at 4:30 P.M. Annual Spring Conference, Waldorf-Astoria 
Hotel, New York, N. Y., April 22-24, 1976. A.M.A. Cat. 
I credit. Further information may be obtained from Dr. 
Albert A. Dunn, Roosevelt Hosp., New York, N. Y. 
10019. 

New York Srate CHAPTER oF ACR 
Secretary-Treasurer, Dr. Albert F. Keegan, 6 Secor Dr., 
Port Wash., N. Y. 11050. 


NortH American SocigrY or Carpiac RADIOLOGY 
Secretary-Treasurer, Dr. Erik Carlson, Univ. Calif., 
San Francisco, Calif. 94143. 


NortH Caro.ina CHAPTER oF ACR 
Secretary-Treasurer, Dr. Ernest B. Spangler, Wesley Long 
Hosp., Greensboro, N. C. 27402. Meets twice a year. The 
Spring Meeting is held at the time of the meeting of the 
orth Carolina Medical Society. The Fall Meeting is held 
in > iaia at the Mid Pines Club, Southern Pines, 
N., 


NortH Dakota RapioLocicaL Sociery, CHAPTER OF ACR 
Secretary, Dr. Marshall Landa, P. O. Box 6001, Fargo, 
N. D. 58102. Meets at time of State Medical Association 
meeting. Other meetings arranged on call of the President. 


NortH FLoripA RADIOLOGICAL SOCIETY 
Secretary, Dr. David F. Bew, University Hospital of 
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Jacksonville, 655 W. Eighth Street, P.O. Box 2751, 
Jacksonville, Fla. 32203. Meets quarterly in March, 
June, September and December. 

NORTHEASTERN OKLAHOMA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Theodore J. Brickner, Jr., 5919 
S. Gary Place, Tulsa, Okla. 74110. 

NorTHEASTERN New York Rapio.ocicat SOCIETY 
Secretary, Dr. Donald R. Morton, Dept. of Radiology, 
St. Clare’s Hosp., Schenectady, N. Y. 12304. Meets in 
Albany area on third Wednesday of October, November, 
March, April, and May. 

NORTHERN CALIFORNIA RADIATION THERAPY ASSOCIATION 
Secretary-Treasurer, Dr. John D. Earle, Stanford Medical 
Center, Stanford, Calif. 94304. Meets quarterly. 

NORTHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. Patrick J. Grinsell, 1207 Fairchild Ct., 
Woodland, Calif. 9569s. Meets on the fourth Monday, 
rie through May at the Mansion Inn, Sacramento, 

alif. 

NORTHWESTERN New York RADIOLOGICAL SOCIETY 
Secretary, Dr. Barbara E. Chick, Glens Falls Hospital, 
Glens Falls, N. Y. 12801. 

NORTHWESTERN OunI0 RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Gerald W. Marsa, 3939 Monroe 
St., Toledo, Ohio 43606. Meets 3rd Wednesday from 
September to May excluding Dec. at Academy of Med. 
of Toledo and Lucas County, 4428 Secor Rd., Toledo, 

10. 

Ou1o Strate RapioLoGicaL Society, CHAPTER oF ACR 
Secretary, Dr. James Farmer, Cleveland, Ohio. 

an Srate RADIOLOGICAL Society, CHAPTER OF 
Secretary, Dr. George H. Ladd, 4616 Denison, Muskogee, 
Okla. 74401. Meets in January, May and October. 

OranceE County RADIOLOGICAL SOCIETY 
Secretary, Dr. William E. Danko, 2601 E. Chapman, 
Orange, Calif. 92667. Meets on fourth Tuesday of the 
month, excluding June, July, August, and December, at 
ig County Medical Association Bldg., Orange, 

if. 

Orecon Srare RanioLocicaL Sociery, CHAPTER or ACR 
Secretary-Treasurer, Dr. Ray F. Friedman, 3324 S. W. 
44th St., Portland, Ore. 97221. Meets on second Wednes- 
day of month, October through April, at the University 
Club, Portland, Ore. 

OrLEANs PArIsH RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans, La. 70113. Meets second Tuesday of each 
month. 

Paciric Nortuwest RaDIoLocicaL Society 
Secretary-Treasurer, Dr. Kenneth D. Moores, 1118 gth 
Ave., Seattle, Wash. 98101. 

PENNSYLVANIA RADIOLOGICAL Society, CHAPTER OF ACR 
Secretary, Dr. Joseph A. Marasco, Jr., St. Francis General 
Hosp., Pittsburgh, Pa. 19141. 

PHILADELPHIA ROENTGEN Ray Society 
Secretary, Dr. Marvin E. Haskin, 230 N. Broad St., 
Philadelphia, Pa. 19102. Meets first Thursday of each 
month at¢ P.M., from October to May in Thompson Hall, 
College of Physicians. 

PITTSBURGH RoENTGEN SOCIETY 
Secretary, Dr. Klaus M. Bron, Presbyterian-Univ. Hosp., 
Pittsburgh 15213. Meets second Wednesday of month, 
September through May, at the Pittsburgh Athletic As- 
sociation. 

Rapiation RESEARCH SOCIETY 
Executive Secretary, Richard J. Burk, Jr., 4211 39th St., 
N.W., Washington, D. C. 20016. Annual Meeting. 

RADIOLOGICAL SOCIETY OF CONNECTICUT, Inc., CHAPTER 
or ACR 
Secretary, Dr. Gerald L. Baker, 85 Jefferson St., Hartford, 
Conn. o6106. Meets in Oct., Jan., March, and June. 

RADIOLOGICAL SOCIETY OF GREATER CINCINNATI 
Secretary-Treasurer, Dr. Alvin Nathan, c/o Academy of 
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Medicine, 320 Broadway, Cincinnati, Ohio 45202. Meets 
first Monday of each month at Cincinnati Academy of 
Medicine. 

RADIOLOGICAŁ Society oF New JERSEY, CHAPTER OF ACR 
Secretary, Dr. Fred M. Palace, 11 Dale Dr., Morristown, 
N.J. 07960. Monthly meetings in East Orange and 
Trenton, N.J. Semi-Annual Meeting in Nov. 

RADIOLOGICAL SocIETY OF RHODE IsLanp, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Daniel J. Alves, Rhode Island 
Hosp., Providence, R. I. 02902. 

RADIOLOGICAL SOCIETY OF SOUTHERN CALIFORNIA 
Secretary-Treasurer, Dr. A. Franklin Turner, LAC-USC 
Medical Center, Room 3418, 1200 North State St., Los 
Angeles, Calif. 90033. Meets three times a year, usually 
October, February and May. 

RADIOLOGICAL SOCIETY OF THE STATE OF NEw York 
Secretary-Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rochester, N. Y. 14618. 

Repwoop Empire RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles E. Carter, 121 Sotoyome St., 
Santa Rosa, Calif. 95405. Meets second Monday every 
other month. 

RicHMonD County RADIOLOGICAL SOCIETY 
Secretary, Dr. Frederick S. Vines, 11830 Rothbury Dr., 
Richmond, Va. 23235. Meets third Thursday of each 
month at the Aberdeen Barn. 

Rocuester Roentcen Ray Society, Rocuester, N. Y. 
Secretary-Treasurer, Dr. Robert J. Bruneau, Rochester 
General Hosp., Rochester, N. Y. 14621. Quarterly meet- 
ings on the call of the President, at the Rochester 
Academy of Medicine. 

Rocxy Mountain RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Lorenz R. Wurtzebach, 4200 E. 
Ninth Ave., Denver, Colo. 80220. Annual Meeting: 
Brown Palace Hotel, Denver, Colo., Aug. 19-21, 1976. 

San Antonio-Civitian Mitirary RADIOLOGICAL Society 
Secretary, Dr. James R. Stewart, Oak Hills Medical Ctr., 
San Antonio, Tex. 78209. Meets third Wednesday of 
each month at Fort Sam Houston Officers Club at 
6:30 P.M. 

San Dieco Rapio.ocicat SOCIETY 
President, Dr. Donald J. Fleischli, 7849 Fay Ave., La 
Jolla, Calif. 92037. Meets the first Wednesday of each 
month Sept. through June at the University Club. 

San Francisco RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert L. Koch, 3838 Cali- 
fornia St., Suite 106, San Francisco, Calif. 94118. 

SEcTION ON RapioLocy, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

SecTion on RaproLocy, Mepicat Society OF THE Dis- 
TRICT OF COLUMBIA 
Secretary-Treasurer, Dr. Albert M. Zelna, 21 Masters St., 
Potomac, Md. 20854. Meets at Medical Society Library, 
third Wednesday of January, March, May and October 
at 8:00 P.M. 

Section oF RapioLocy, NATIONAL MEDICAL AssociaTION 
Secretary, Dr. Ruby Brooks, Dept. Radiol., Veterans 
Adm. Hosp., P.O. Box 511, Tuskogee, Ala. 36083. Annual 
Meeting. 

SECTION on RADIOLOGY, SOUTHERN MEDICAL ÅSSOCIATION 
Secretary, Dr. Mario A. Calonje, 1514 Jefferson Highway, 
New Orleans, La. 70121. Annual Meeting. 

Section on RapioLocy, Texas MEDICAL ASSOCIATION 
Secretary, Dr. George F. Crawford, St. Elizabeth Hospi- 
tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 

Society For PepiarrIc RADIOLOGY 
Secretary-Treasurer, Dr. John P. Dorst, 601 N. Broad- 
way, Baltimore, Md. 21205. Annual meeting: Washing- 
ton Hilton Hotel, Washington, D. C., Sept. 19-20, 1976. 

SOCIETY OF GASTRO-INTESTINAL RADIOLOGISTS 
Secretary- Treasurer, Dr. John R. Amberg, University 
Hospital, 225 W. Dickinson St., San Diego, Calif. 92103. 
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Society oF Nucitear MEDICINE 
Secretary, Dr. E. James Potchen, Edward Mallinckrodt 
Institute of Radiology, 660 S. Euclid Ave., St. Louis, 
Mo. 63110. Administrative Officer, Mrs. Margaret Glos, 
211 E.43rd St., New York, N. Y. 10017. Annual Meeting. 

SoutH Bay RADIOLOGICAL SOCIETY 
Secretary, Dr. Bruce R. Parker, Dept. Radiol., Stanford 
Univ. Med. Center, Stanford, Calif. 94305. Meets the 
2nd Monday of each month at the Santa Clara County 
Medical Society Bldg., 700 Empey Way, San Jose, Calif 

SoutH Carona RApDIOLoGicaL Society, CHAPTER oF ACR 
Secretary, Dr. George W. Brunson, 1406 Gregg St 
Columbia, S. C. Annual meeting (primarily business) 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

SourH Coast RapioLocicaL Society CHAPTER or ACR 
Secretary-Treasurer, Dr. Richard T. Love, Santa Bar- 
bara Med. Clin., 215 Pesetas Lane, Santa Barbara, 
Calif. 93110. Meets fourth Tuesday of alternate months, 
Sept., Nov., Jan., March and May. 

SoutH Daxora Raprotocicat Society, CHAPTER or ACR 
Secretary, Dr. M. F. Petereit, 2416 S. Phillips, Sioux 
Falls, S. D. 57105. Meets in spring with State Medical 
Society and in fall. 

SOUTHERN CALIFORNIA RADIATION THERAPY ASSOCIATION 
Secretary-Treasurer, Dr. Duane ].Gillum, 250 W. Pueblo 
St., Santa Barbara, Calif. 93105. Meets quarterly. 

SOUTHERN RADIOLOGICAL CONFERENCE 
Secretary-Treasurer, Dr. J. W. Maxwell, P.O. Box 2144 
Mobile Ala. 36601. Annual Meeting: 

TENNESSEE RapDIoLocicaL Society, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Jerry W. Grise, Methodist 
Hosp., 1265 Union Ave., Memphis, Tenn. 38104. Meets 
annually at the time and place of the Tennessee State 
Medical Association meeting. 

Texas Srare Raptotocicat Society, CHaprer or ACR 
Secretary, Dr. Francis E. O'Neill, 1128 Nix Prof. Bdg., 
San Antonio, Tex. 78205. 

THE FLEISCHNER SOCIETY 
Secretary, Dr. E. Robert Heitzman, State University of 
New York Upstate Medical Center, Syracuse, N. Y. 
13210. Annual Meeting: 

Tri-STATE RaDIoLocicaL Society 
Secretary, Dr. Thomas Harmon, St. Mary’s Hosp., Evans- 
ville, Ind. 47750. Meets bimonthly on the third Wednes- 
day at area Hospitals. 

Upper PENINSULA RADIOLOGICAL SOCIETY 
oe Dr. A. Gonty, Menominee, Mich. Meets quar- 
terly. 

Uran Strate RanioLocicaL Society, CHAPTER oF ACR 
Secretary-Treasurer, D. Michael Edson, Dept. Radiol., 
Valley West Hosp., 4160 West 3400 South, Granger, 
Utah 84120. Meets quarterly at Holy Cross Hospital. 

Vermont RapbioLocicaL Society, CHAPTER oF ACR 
Secretary, Dr. J. Lorimer Holm, R.R. #3, Barre, Vt. 05641. 

VirGciniA CHAPTER oF ACR 
Secretary-Treasurer, Dr. Charles P. Winkler, 3500 Ken- 
sington Ave., Suite 2-A, Richmond, Va. 23221. 

WasuinctTon, D. C., CHAPTER or ACR 
Secretary-Treasurer, Dr. Robert M. Allen, 9312 Convento 
Terr., Fairfax, Va. 22030. 

~—— SraTE RADIOLOGICAL Society, CHAPTER OF 
Secretary-Treasurer, Dr. Donald J. Hesch, 3216 N.E. 
45th Place, Seattle, Wash. 98105. 

West Virainia Rapiotocicat Society, CHAPTER or ACR 
Secretary-Treasurer, Dr. Andrew W. Goodwin, II, 200 
Med. Arts Bldg., Charleston, W. Va. 25301. Meets con- 
currently with annual meeting of West Virginia State 
Medical Society, other meetings arranged by program 
committee. 
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WESTCHESTER County RADIOLOGICAL SOCIETY 
Secretary, Dr. Leonard Cutler, 16 Guion Place, New 
Rochelle, N. Y. 10802. Meets on second Tuesday of 
October, December, February and May. 

Wisconsin Rapio.ocicat Society, CHAPTER oF ACR 
Secretary-Treasurer, Dr. June Unger, Wood VA Hosp., 
Wood, Wis. 53193. Meets twice a year, May and Sep- 
tember. 

Wisconsin SOCIETY OF THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. Alvin Greenberg, Radiother. Ctr., Univ. 
Hospitals, Madison, Wis. £3706. Meets quarterly. 

WyominG RADIOLOGICAL Society, CHAPTER oF ACR 
Secretary, Dr. Ross J. Collie, Box 96, Lander, Wyo. 82520. 
Meets in fall with State Medical Society and in spring 
on call of President. 


$ 
Mexico, Puerro Rico AND CENTRAL AMERICA 


ASOCIACIÓN COSTARRICENSE DE RADIOLOGÍA 
Secretary, Dr. Rafael Umaña-Umaña, Apartado 8-5340, 
San José, Costa Rica. 

AsociacON DE RaDIÓLOGOS DE CENTRO AMERICA Y 
PanaMA. Comprising: Guatemala, El Salvador, Hon- 
duras, Nicaragua, Costa Rica and Panama 
Secretary-General, Dr. Francisco Miranbell Solis, Apar- 
tado 3352, San José, Costa Rica, Central America. Meets 
annually in a rotating manner in the six countries. 

SOCIEDAD DE RADIOLOGÍA DE SALVADOR 
Secretary, Dr. Carlos Meijia, sa Av. Nte. No. 434, San 
Salvador, Rep. El Salvador. 

SOCIEDAD DE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 9?, Calle A o-05, Zona 1, 
Guatemala 

SocieDAD Mexicana DE Raprotoaia, A.C. 

Coahuila No. 35, México 7, D.F., México. 
Secretary-General, Dr. Jorge Cano Coqui. Meets first 
Monday of each month. 

SociEDAD RapioLóGICA PANAMEÑA 
Secretary, Dr. L. Arrieta Sánchez, Apartado No. 6323, 
Panamá, R. de P. Meets monthly in a department of 
radiology of a local hospital chosen at preceding meeting. 

SocieDAD RapioLécica DE Puerto Rico 
Secretary, Dr. César Rosa, Box 9387, Santurce, Puerto 
Rico oog08. Meets second Thursday of each month at 
8:00 P.M. at the Puerto Rico Medical Association Bldg. 
in San Juan. 


BririsH COMMONWEALTH OF NATIONS 


ASSOCIATION OF RADIOLOGISTS OF THE PROVINCE OF 
QUEBEC 
121 Boul. Taschereau, Greenfield Park, P. Q., Canada. 
Meets four times a year. 

BritisH INstiruTE oF RADIOLOGY 
Honorary Secretaries, D. H. Traspnell, M. Cohen, 32 
Welbeck St., London, W1M/7PG, England. 

CANADIAN AssociATION OF Puysicists, Division or MED- 
ICAL AND BIOLOGICAL Puysics 
Honorary Secretary-Treasurer, Dr. R. G. Baker, Ontario 
Cancer Foundation, Ottawa Civic Clinic, 1053 Carling 
Ave., Ottawa 3, Ont., Canada. 

CANADIAN ASSOCIATION OF RADIOLOGISTS 
Honorary Secretary, Dr. Ross O. Hill, Suite 806, 1440 St. 
Catherine St. West, Montreal 107, Que., Canada. 
Annual Meeting: 

EDMONTON AND District RADIOLOGICAL SOCIETY 
Secretary, Dr. L. A. Koller, Suite 360, Professional Bldg., 
10830 Jasper Ave., Edmonton 15, Alberta, Canada. 
Meets third Thursday of each month October to May, 
except December, at various Edmonton Hospitals. 

Facu.ty oF RADIOLOGISTS 
Honorary Secretary, P. D. Thomson, 28 Portland Pl., 
London, WIN 4DE. 


SOCIETY PROCEEDINGS 


MonvtreAa_ RADIOLOGICAL Stupy CLuB 
Secretary, Dr. W. Paul Butt, Montreal General Hospital, 
Montreal, Que., Canada. Meets first Tuesday evening, 
October to April. 


SecTION OF RADIOLOGY OF THE Royat Society or MEDI- 
cine (ConFINED TO MEDICAL MEMBERS) 

Meets third Friday each month at 8:1¢ p.m. at the Royal 
Society of Medicine, 1 Wimpole St., London, W. 1 
M8AE, 1 England. 

SociErE CANADIENNE-FRANCAISE DE RADIOLOGIE 
Secretary-General, Dr. Hubert Sasseville, Verdun Hospi- 
tal, Montréal, P. Q., Canada. Meets every third Tuesday 
from October to April. 


Tue Hospitat Puysicists’ ASSOCIATION 
Honorary Secretary, J. B. Massey, B.Sc., Christie Hosp. 
and Holt Radium Institute, Physics Department, Wi- 
thington, Manchester M20 gBX, England. 

Toronto RADIOLOGICAL SOCIETY 
Secretary, Dr. George Wortzman, Toronto General Hosp., 
Torento 12, Ont., Canada. Meets second Monday of 
each month, September through May. 


TuE RoyaL AUSTRALASIAN COLLEGE OF RADIOLOGISTS 
Honorary Secretary, Dr. T. P. Loneragan, 45 Macquarie 
St., Sydney, N.S.W. 2000, Australia. 


SOUTH AMERICA 


CoLÉGto BRASILEIRO DE RADIOLOGIA 
Secretary-General, Dr. José Marcos Pires de Oliveira, 
Caixa Postal 5984, São Paulo, Brazil. 


FEDERACIÓN ARGENTINA DE SOCIEDADES DE RADIOLOGÍA 
Branches of the Federation are: Sociedad de Radidlogos 
de la Provincia de Cérdoba; Sociedad Argentina de Ra- 
diologia; Asociacién Argentina de Radiologia; Sociedad 
de Radiologia, Radioterapéutica y Medicina Nuclear de 
Rosario; Sociedad de Radiologia y Medicina Nuclear del 
Centro y Sudeste de la Provincia de Buenos Aires (Mar 
del Plata); Sociedad Saltefia de Radiologia y Medicina 
Nuclear; Sociedad de Radiologia de Tucuman; Sociedad 
de Radiologia del Nordeste Argentino; Sociedad de Ra- 
-anig de La Plata; and Sociedad de Radiología de San 

uan. 
Secretary-General-Treasurer, Dr. Roberto Habichayn, Av. 
Colón 637, Córdoba, Argentina. 
Congress will be organized by Sociedad de Radiología, 
Radioterapéutica y Medicina Nuclear de Rosario in 1975. 

SOCIEDAD ARGENTINA DE RADIOLOGÍA 
Secretary-General, Dr. Alba de la Torre, Santa Fé 1171, 
Buenos Aires, Argentina. Meets first Wednesday evening, 
April through December. 


SocieDaD BoLiviANA DE RADIOLOGÍA 
Secretary, Dr. Javier Prada Méndez, Casilla 1182, La 
Paz, Bolivia. Meets monthly. General assembly once 
every two years. 


SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Armando Rocha Amoédo, Caixa Postal 
1532, Rio de Janeiro, Brazil. General Assembly meets 
every two years in December. 

SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Luiz Antonio, 644, São Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 P.M. in São Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SOCIEDAD CHILENA DE RADIOLOGÍA 
Secretary, Dr. Manuel Neira, Casilla 13426, Santiago, 
Chile. Meets first Friday of each month at Av. Santa 
María 1810 at 7:00 P.M. 

SociEDAD CoLOMBIANA DE RADIOLOGfA 
Secretary-General, Dr. Gustavo Sanchez Sanchez, Bogota, 
Colombia. Meets last Thursday of each month. 

SocieEDAD ECUATORIANA DE RADIOLOGÍA 
r i Dr. Luis Blum, Casilla 3712, Guayaquil, Ecua- 

È; 
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SoctEDAD PARAGUAYA DE RADIOLOGÍA 
Secretary, Dr. Hugo Volpe Rios, 15 de Agosto 322, 
Asuncion, Paraguay. 

SociEDAD PERUANA DE RADIOLOGÍA 
Secretary-General, Dra. Ladis Delpino, Av. General 
Santa Cruz No. 31s, Miraflores, Lima, Perú, Casilla 
Correo, 2306, Lima, Perú. Meets monthly except during 
January, February, and March. 

SocIEDAD DE RADIOLOGÍA DEL ATLANTICO 
Secretary, Dr. Raul Fernandez, Calle 40 #41-110, Baran- 
quilla, Colombia. Society meets monthly at the Instituto 
de Radiologia. 

SOCIEDAD DE RADIOLOGÍA DEL NORDESTE ARGENTINO 
Secretary-General, Dr. Francisco J. Velar, Catamarca 561, 
Corrientes, Argentina. 


SociEDAD DE RaDIOLoG{A DE La PLATA 
Secretary, Dr. Hiram D. Haurigot, Calle 50 No. 374, La 
Plata, Argentina. 


SocIEDAD DE RADIOLOGÍA, 
MÉDICA DEL URUGUAY 
Secretary-General, Dr. Manuel Gonzáles Maseda, Av. 
Agraciada 1464, piso 13, Montevideo, Uruguay. 

SOCIEDADE DE RADIOLOGÍA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal 505, Pernambuco, Brazil. 


SOCIEDAD DE RoEnTGENOLOGÍA Y MEDICINA NUCLEAR DE 
LA PROVINCIA DE CÓRDOBA 
Secretary-General, Dr. Lucas C. Di Rienzo, Ave. Grl. 
Paz. 151, Córdoba, Argentina. 

SociEDAD DE Rapio.ocia, RADIOTERAPÉUTICA Y MEDICINA 
NucLEAR DE ROSARIO 
Secretary-General, Dr. Federico Frágola, Santa Fe 1798, 
Rosario, Argentina. 


SociEDAD SALTENA DE RapioLoGía y MEDICINA NUCLEAR 
Treasurer, Dr. Julio Luis Baldi, Av. Sarmiento 536, Salta, 
Argentina. 

SociEDAD VENEZOLANA DE RapioLocia y Mepicina Nu- 
CLEAR 
Secretary-General, Dr. Salvador Itriago Borgas, Apartado 
Postal 9213, Candelaria, Caracas, Venezuela. Meets 
monthly, third Friday at Colegio Médico del Distrito 
Federal, Caracas. 


CANCEROLOGIA Y Física 


CONTINENTAL EUROPE 


OsTERREICHISCHE RÖNTGEN-GESELLSCHAFT 
Secretary, Dr. Ernst Kotcher, Wiener Allgemeine Poli- 
klinik Mariannengasse 10, A-1090 Wien, Austria. Meets 
second Tuesday of each month in Allgemeine Poliklinik. 


SociéTE RoyaLe BELGE DE RADIOLOGIE 
General Secretary, Dr. Joseph Baeyens, Alost, Belgium. 
Meets in February, March, May, June, September, 
October, November and December. 

SocIÉTÉ EUROPÉENNE DE RADIOLOGIE PÉDIATRIQUE 
Secretary, Dr. J. Corbaton, Clinica Infantil “La Paz,” 
Av. Generalissimo, 117 Madrid 34, Spain. Annual Meet- 
ing: 

a Secretary, Clément Fauré, Hôpital des Enfants 
Malades, 149, ruede Sèvres, 75 730, Paris Cadet 15, France. 

SocrETE FRANCAISE, DE RapioLocIie MÉDICALE, MÉDECINE 
NUCLÉAIRE ET apean and its branches: Soci- 
ÉTÉ DU Sup-Ovest, DU LITTORAL MÉDITERRANÉEN, DU 
CENTRE ET Lyonnais, DU NORD, DE L’OUEST, DE L’Est, 
pu Massir CENTRAL, D'OUTRE-MER ET D' ETRANGER. 
Parent Society meets third Monday of each month, ex- 
cept during July, August and September, rue de Seine 
12, Paris, France. 

Secretary-General, Dr. Ch. Proux, 9 rue Daru, Paris 
75008, France. 

SociETE FRANÇAISE DE NEURORADIOLOGIE 
Secretary-General, Professeur agr. R. Djindjian 16, rue 
de l’Université 75, Paris 7°, France. Annual meeting. 
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CEsKOSLOVENSKA RaDIOLOGICKA SPOLEČNOST 
Secretary, Associate Professor Jaromir Kolar, M.D., 
Sc.D., Radiological Clinic, Praha 2, U nemocnice 2, 
Czechoslovakia. Meets monthly except during July, 
August and September. Annual general meeting. 

DEUTSCHE RONTGENGESELLSCHAFT 
President, Professor Dr. med. Walter Frommhold, Di- 
rector of Medizinisches Strahleninstitut der Universitat 
Tubingen, Roéntgenweg 11, 7400 Tübingen, Germany. 

Facutty oF RaDIOLoGIsts OF THE RoyaL COLLEGE OF 
SuRGEONS IN IRELAND 
Honor. Secretary, Max. J. Ryan, St. Stephen’s Green, 
Dublin 2. Annual Meeting: 

Società Iratiana pi Rapiotocia Mepica E MEDICINA 
NUCLEARE 
Administrative Secretary, Prof. E. Conte, Ospedale 
Mauriziano, 10128 Torino, Italy. Meets annually. 

Socieras RapioLocica Danica 
Secretary, Dr. Bent Langenfeldt, Tretommervej 20a, DK. 
8240 Risskov, Denmark. 

NEDERLANDSE VERENIGING voor RADIOLOGIE 
Secretary, Dr. J. D. Mulder, Dept. of Rad., Akademisch 
Ziekenhuis, Leiden, Netherlands. 

Norsk ForeENING ror Mepicinsk RapioLoGi 
General Secretary, Gunnar Stake, Rikshospitalet, Oslo, 
Norway. 

SCANDINAVIAN RADIOLOGICAL SOCIETY 
Secretary-General, Professor C. F. Unnérus, M.D., Haga- 
lung-Tapiola, Havsvindsvägn 5 C., Finland. Annual 
Meeting. 

SocieDAD EsrpaÑoLa pe RapioLocia y ELECTROLOGÍA 
MéÉpicas y DE Mepicina NUCLEAR 
Secretary-General, Dr. Pilar Gallar Barbera, Villanueva, 
11, Madrid 1, Espafia. Meets every other Saturday eve- 
ning of each month, Oct. to June, inclusive, in Madrid. 

SociEDADE PorruGuEesaA pe RapioLociA E MEDICINA 
NUCLEAR 
Secretary-General, Dr. Luis Aires de Sousa, Av. Elias 
Garcia, 123- 1, Esg.-Lisboa i-Portugal. 

SVENSK FOrENING FOR Menpicinsk RADIOLOGI 
Secretary, Dr. Hanz Ringertz, Réntgendiagnostika Av- 
delningen, Karolinska Sjukhuset 1c4 01 Stockholm 60, 
Sweden. 

SCHWEIZERISCHE VEREINIGUNG FUR Rapio.ocie, Nu- 
KLEARMEDIZIN UND STRAHLENBIOLOGIE (ASSOCIATION 


SOCIETY PROCEEDINGS 


SutssE DE RADIOLOGIE, MÉDECINE NUCLÉAIRE ET DE 
RADIOBIOLOGIE) 

Secretary, Dr. med. Gustav Schoch, Bethesdaspital, Gel- 
lerstrasse 144, 4000 Basel, Switzerland. 


ASIA 


BENGAL RADIOLOGICAL ASSOCIATION 
Honorary Secretary, Dr. B. Chatterji, 262 Rash Behari 
Ave., Calcutta 700019, India. Meets Ist Fri. and 3rd 
Wed. of every month. 

InDIAN RADIOLOGICAL ASSOCIATION 
Honor. Gen. Secretary, Dr. S. P. Aggarwa', 10-B Kasturba 
Ghandi Marg, New Delhi tioooi. 

INDONESIAN RADIOLOGICAL SOCIETY 
Secretary, Dr. Gani Iljas Sasmitaatmadja, Radiology 
Dep., Faculty of Medicine, University of Indonesia, 
Salemba 6, Jakarta, Indonesia. 

IRANIAN RADIOLOGICAL SoclEry 
Secretary, Dr. Majid Rooholamini, P.O. Box No. 14-1151, 
Teheran, Iran. The Society meets on the second Satur- 
day of each month. 

IsrAEL RapIoLocicaL SOCIETY 
Secretary, Dr. M. A. Lerner, Hesharon Hosp., Petah- 
Tigva, Israel. 

PHILIPPINE COLLEGE OF RaDIOLOGY 
Secretary-Treasurer, Dr. Eduardo V. Nievera, Box 1284 
Commercial Center, Makati, Rizal D-708, Philippines. 
Meets every second Thursday of the month. 

RADIOLOGICAL SOCIETY OF THAILAND 
Secretary, Prof. Rojana Suvansuthi, M.D., Ph.D., 
Depart. of Rad., Sirizaj Hospital, Faculty of Medicine, 
Mahidol University, Bangkok 7, Thailand. 


AFRICA 


AssociATION OF RapioLocists oF WEst AFRICA 
Honorary Secretary, C. A. Beetlestone, M.B., B.S., 
D.M.R.D., Dept. Radiol., University College Hosp., 
Ibadan, Nigeria. 

RADIOLOGICAL SOCIETY oF SOUTH AFRICA 
Secretary, Dr. A. Visser, P. O. Box 8850, Johannesburg, 
South Africa. 

SOUTH AFRICAN INTERNATIONAL RADIOLOGICAL CONGRESS 
Director, Dr. Paul Sneider, P.O. Box 4878, Johannesburg, 
South Africa. 


ABSTRACTS OF RADIOLOGIC 
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ROENTGEN DIAGNOSIS 
ABDOMEN 


EscoBaAR-PRIETO, ADOLFO, BARRERA, ARNOL- 
DO, CABRERA, VERA L., COHEN, JAIME, and 
Lea, PEDRO, Jr. Infusion tomography of 
the gallbladder. Surg., Gynec. & Obst., Sept., 
1975, 741, 340-346. (From: The Departments 
of Radiology, Medicine and Surgery, Hospi- 
tal Clinica del Parque, Chihuahua, Mexico.) 


Contrast enhancement of the wall of the gall- 
bladder in total-body opacification was a useful 
method of evaluating the gallbladder in certain 
disease processes. It has been found particularly 
useful in the following conditions: (1) immediate 
evaluation of pain in the right upper quadrant; (2) 
obstructive jaundice; (3) nonvisualization on oral 
and intravenous cholangiography; and (4) recur- 
rent symptomatology of extrahepatic biliary tract 
disease with normal or impaired cholangiography. 

The wall of the normal gallbladder was seldom 
opacified, and, when visualized, was I mm or less in 
thickness (Rabushka, S.E. et al., Radiology, 1973, 
709, p. 549). The gallbladder was abnormal or 
pathologic when the wall was clearly opacified, 
and measured more than I mm in thickness at any 
point. The increased thickness of the wall was due to 
altered permeability, increased vascularity, and 
extravasated contrast material into the interstitial 
spaces. 

Forty-three of 45 patients studied for suspected 
biliary tract disease had an abnormally thick gall- 
bladder wall. Chololithiasis and/or cholecystitis was 
found at surgery in 37 of these cases. Four persons 
refused surgery, but had clinical evidence of chole- 
cystitis, chololithiasis, or advanced neoplasm of the 
extrahepatic biliary tract. Cirrhosis of the liver was 
confirmed by biopsy in two patients who died in 
hepatic coma. There was one false positive and one 
false negative result. 

The examination was usually done without prepa- 
ration. Tomograms of the gallbladder area were 
made in the prone position, beginning at 4 or 5 cm 
from the table top and increasing the distance by 
2 cm for each film, for a total of four or five films. 
Two ml per Kg of body weight of a low sodium, 
water soluble, 50 to 65 percent iodized urographic 
medium was diluted with an equal volume of five 
percent dextrose in water, and infused in ten to 
15 minutes. Tomogram studies were repeated im- 
mediately after the infusion. The gallbladder re- 
mained opacified for 30 to 45 minutes following the 
intravenous infusion.—Pau/ M. Dassel, M.D. 


Wyatt, A. P. Prolonged symptomatic and 
radiological remission of colonic gas cysts 
after oxygen therapy. Brit. J. Surg., Oct., 
1975, 62, 837-839. (From: The Brook Hos- 
pital, London, England.) 


ABSTRACTS OF RADIOLOGIC LITERATURE 


Oxygen therapy was an effective treatment for 
symptomatic primary pneumatosis cystoides intesti- 
nalis. The cysts shrank or disappeared, and symp- 
toms subsided following inhalation of oxygen. 

The colonic gas cysts were associated with the 
following complaints in patients treated by oxygen 
breathing: diarrhea, excessive flatus, abdominal 
pain, mucus and occasionally blood in the stool, 
and mild incontinence. There were one male and 
five female patients, all of whom had either coexist- 
ing cardiac or pulmonary disease. 

Humidified oxygen at eight liters/minute was 
delivered to a mask with an inflatable rim. This 
concentration resulted in an inspired oxygen of 70- 
75 percent, and PaO; levels in excess of 300 mm Hg. 
Therapy was given for a minimum of 16 hours a 
day, and continued for 48 hours after complete dis- 
appearance of all cysts. Daily roentgenograms of the 
abdomen and chest were made to monitor cyst size, 
and to exclude atelectasis related to oxygen therapy. 

The pneumocysts disappeared in each case be- 
tween the fourth and seventh days. Symptomatic 
relief was dramatic and was associated with decreas- 
ing size of the cysts. In two cases the cysts reap- 
peared at one and one and one-half years.—Pau/ M. 
Dassel, M.D. 


Kim, Donc K., McSweeney, JAMES, YEH, 
SAMUEL D. J., and FORTNER, JosepH G. 
Tumors of the liver as demonstrated by 
angiography, scan and laparotomy. Surg., 
Gynec. & Obst., Sept., 1975, 747, 409-410. 
(From: The Departments of Surgery, Diag- 
nostic Radiology and Nuclear Medicine, 
Memorial Sloan-Kettering Cancer Center, 


New York, N. Y.) 


The accuracy of detection and localization of 
tumors of the liver by angiography and scan was 
analyzed in 118 patients. Primary or metastatic 
hepatic tumors were found at laparotomy in 9I 
percent of the cases. Primary hepatomas and meta- 
static carcinoma of the colon accounted for 65 per- 
cent of these tumors. Benign lesions were found in 
nine percent of the patients. 

Angiography through the celiac and superior 
mesenteric arteries, and *™Tc sulfur colloid liver 
scan were done preoperatively in each case. 

Neoplasms were detected by angiography in 93 
percent of the cases and by scan in 87 percent, for a 
combined accuracy of 97 percent. Localization of the 
tumor by angiography was correct in 75 percent, and 
by scan in 62 percent of these patients. The common 
error in both angiography and scan was to localize 
lesions to the right lobe. However, 11 of 39 resectable 
tumors were considered nonresectable in preopera- 
tive studies. 

Angiography and scan are the best available means 
of diagnosing hepatic tumors, but resectability of a 
lesion can be determined only at laparotomy.— 


Paul M. Dassel, M.D. 


ABSTRACTS OF RADIOLOGIC LITERATURE 


Grierson, Eucene D., Srorm, F. KRISTIAN, 
SHAW, WILLIAM, and Coyne, Susan K. 
Caecal rupture due to colonic ileus. Brit. F. 
Surg., May, 1975, 62, 383-386. (From: 
UCLA Medical Centre, Los Angeles, and 
Department of Surgery, Sepulveda Veterans 
Administration Hospital, Sepulveda, Calif.) 


Cecal rupture due to paralytic ileus of the colon 
is an unusual complication of pseudo-obstruction of 
the colon (Ogilvie’s syndrome). A total of 18 cases 
has been found in the literature including the three 
presented here. 

The patients are usually over 55 years of age and 
in each there was associated major illness, trauma, 
or recent surgery. Preoperative roentgenograms are 
not reliable for determining the presence of perfora- 
tion, and free intraperitoneal air was absent in one- 
half the cases. The cecal diameter was always nine 
centimeters or larger and ranged in the reported 
cases up to 20 centimeters. The over-all mortality is 
43 percent and because of this, prevention of per- 
foration is important. 

The authors suggest that if the cecum measures 
nine centimeters or more there is danger of perfora- 
tion and they describe a simple, safe, ‘“‘blow-hole” 
cecostomy for decompensation.—E. Frederick Lang, 


M.D. 


VANDENDRIS, M., and GERARD, A. Les tumeurs 
malignes primitives des voies biliaires. (Pri- 
mary malignant tumors of the biliary tract.) 
Acta gastro-enterol. belg., May-June, 1975, 78, 
196-206.) (Address: A. Gerard, Service de 
Chirurgie, Institut Bordet, Rue Héger Bor- 
det 1, B-1000 Bruxelles, Belgium.) 


A total of 55 patients with primary malignant 
neoplasm of the biliary tract was seen in the 13 
years between 1960-1973. Thirty-six of these had 
tumors of the gallbladder and 19 had tumors of the 
principal bile ducts. 

The commonest single complaint among patients 
with gallbladder tumors was general malaise. Other 
common complaints were abdominal pain, jaundice, 
disturbed gastrointestinal motility, fever, and a 
palpable mass. Almost one-third of the total was 
inoperable at the time of discovery, seven of the 
36 were subjected to radical resection, and only one 
survived for longer than five years. 

Of the 19 patients with neoplasm of the biliary 
ducts, the presenting sign was jaundice in ten. 
More than one-half of the patients had one or more 
of the following: jaundice, general malaise, abdomi- 
nal pain, pruritis, and anemia. Only two were sub- 
jected to radical resection and both died within six 
months. 

The prognosis of these lesions is so poor because 
treatment is delayed as a result of late diagnosis. 
The absence of definitive symptoms until the disease 
is well advanced delays the diagnosis. It is apparent 
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that radical surgery is not the complete answer. 
The authors suggest prophylactic cholecystectomy 
in the presence of cholelithiasis, and after a neo- 
plasm is discovered, a combination of palliative 
surgery, radiation therapy, and chemotherapy.—E. 
Frederick Lang, M.D. 


GYNECOLOGY AND OBSTETRICS 


SCHABEL, STEPHEN J., BURGENER, FRANCIS Å., 
REYNOLDS, JONATHAN, and GEPHARDT, GOR- 
DON. Radiographic manifestations of malig- 
nant mixed uterine tumors. J. Canad. A. 
Radiologists, Sept., 1975, 26, 176-183. (From: 
The Departments of Radiology and Pathol- 
ogy, The University of Rochester School of 
Medicine and Dentistry, Strong Memorial 
Hospital, Rochester, N. Y.) 


Malignant mixed uterine tumors contain both 
carcinomatous and sarcomatous elements. The 
stroma of carcino-sarcomas or mixed homologous 
tumors contain analogues of normal uterine tissue, 
while mixed mesenchymal tumors or mixed hetero- 
Jogous tumors contain stromal elements not normally 
found in the uterus, such as liposarcoma, chondro- 
sarcoma or rhabdomyosarcoma. These aggressive tu- 
mors metastasize widely: five year survival is less 
than 20 percent. The metastases may contain any or 
all of the stromal elements found in the original 
tumor. 

Case histories, surgical and autopsy pathological 
findings of 14 patients were reviewed in conjunction 
with their roentgenographic examinations. All pa- 
tients were post-menopausal, and presented with 
uterine bleeding. Two had previous pelvic irradiation 
for cancer of the cervix and one for metrorrhagia. 
One patient had received prolonged diathermy 
treatment for pelvic inflammatory disease. 

Roentgenograms of the pelvis were available in 
ten patients—eight had centrally located soft tissue 
masses, varying in size from 7X7 to 20X25 cm, 
consistent with the diagnosis of uterine enlargement. 
Five showed fine, punctate calcifications, localized 
to a small area within the mass. Five intravenous 
urograms were reviewed, two showed obstructive 
ureteropathy. The pelvic mass extended inferiorly 
and posteriorly to the bladder in one, suggesting 
local spread of tumor, confirmed at surgery. 

Initial chest roentgenograms were normal. In 
twelve patients, pulmonary metastases were appar- 
ent within a year. The pattern varied from “cannon 
ball,” nodular hematogenous dissemination, lymph- 
angitic spread with pleural effusions, and hilar 
lymphadenopathy. Cavitary necrotic lesions and 
calcified nodules due to osteogenic sarcomatous com- 
ponents were confirmed at autopsy. The postmortem 
examinations also showed widely disseminated dis- 
ease, involving liver, lymph nodes, kidneys, adrenals, 
bone, brain, etc. 

The authors suggest that the roentgenographic 
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demonstration of new, faint, punctate calcifications 
in an enlarging uterus, associated with post-meno- 
pausal uterine bleeding, should raise the suspicion 
of mixed uterine tumors.—Adele Altman, M.D. 


ScHULMAN, A., and HeEriinceEr, H. Urinary 
tract dilatation in pregnancy. Brit. F. 
Radiol., Aug., 1975, 48, 638-645. (From: De- 
partment of Radiology, Leeds (St. James’s) 
University Hospital, Leeds 9, England.) 


When contrast studies were carried out on preg- 
nant women for bleeding or suspected placenta 
previa and when additional information was desired 
about fetal number, attitude, maturity, and nor- 
mality, a single survey study, 20 minutes after the 
aortic injection, was made to include the uterus and 
the entire urinary tract. Over a period of several 
years (ultrasound has replaced many of these stud- 
ies), films were obtained in many patients in whom 
there was no indication of previous or subsequent 
urinary tract disease except for short episodes of 
infection. Films of 220 of these patients were evalu- 
ated independently by each of two radiologists who, 
at the time of viewing of the films, knew nothing 
about the patients. The degree and localization of 
dilatation of the upper urinary tract were assessed 
and later this information was correlated with the 
mother’s gravidity and with fetal maturity. 

The study suggests that dilatation of the upper 
urinary tract is uncommon or mild before 21 weeks 
and that it appears abruptly shortly after this. Be- 
tween then and delivery, little or no change in the in- 
cidence and severity of dilatation on either side 
occurs. In the latter half of pregnancy about three- 
quarters of the cases showed dilatation on the right 
side of moderate degree, and about one-third showed 
dilatation on the left side of somewhat lesser degree. 
Severe dilatation occurred infrequently (4.5 percent) 
on the right and was rare (1 percent) on the left. 

In 10 percent of the patients, the left side was 
dilated more than the right and in 86 percent, the 
right side was dilated more than the left. 

Dilatation of the ureter below the pelvic brim 
was never seen. In the latter half of pregnancy, 9 per- 
cent of the right ureters and 22 percent of the left 
ureters were displaced away from the midline, pre- 
sumably by the enlarging uterus. Multigravid and 
primagravid women showed no difference in the 
incidence or severity of urinary tract dilatation after 
20 weeks. The figures showed no evidence to suggest 
that urinary infection, in the present pregnancy or 
at any time in the past, produces a greater tendency 
to dilatation or more severe dilatation after midterm. 


—E. Frederick Lang, M.D. 


GENITOURINARY SYSTEM 


Jouve, P., Monrorr, G., Morisson-La- 
COMBE, G., Datmas, J., and Lecaque, G. A 
propos de 45 observations de valves uré- 
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thrales de l’enfant. (Observations on 45 cases 
of urethral valves in children.) F. de radio/., 
a électrol. et de méd. nucléaire, Aug.—Sept., 


1974, 55, 549-553. (Address: Pr. P. Jouve, 
Service central de Radiologie, C.H.U. Nord 
de Marseille, boulevard Pierre-Dramard, 
13326 Marseille, Cedex 3, France.) 


The authors stress the relative frequency of con- 
genital urethral valves in children. They found that 
45 cases in a series 1,800 uropathies were due to 
congenital malformation. 

The urethral valves are congenital mucosal folds 
located at the posterior urethra, or at the verurmon- 
tanum. The valves may be: (1) two leaves, separated, 
but the medial walls are in contact, but not fused, 
or they may be fused; (2) single leaflet unilaterally 
placed. These may be directed upwards to the blad- 
der or downwards to the urethra; (3) a horizontal 
membrane forming a diaphragm, with a central 
opening. 

The clinical findings include disturbed micturition, 
urinary tract infection, albuminuria, hematuria, 
renal and vesical lithiasis. 

In the series reviewed, there were ten patients 
under six months of age of whom two were less than 
one month old. 

The degree of involvement of the urinary tract is 
divided into four Stages: 

1. The valve is roentgenologically demonstrated. 
This is the only finding, confirmed endoscopically. 

i. The same as 1, but with proximal involvement 
of the urinary tract. These changse are reversible 
after treatment of the valve. 

111 and iv. The pathological findings are the same, 
except that there is no renal insufficiency in Stage 111. 

The findings include: poor general condition of the 
patient, renal insufficiency (not in Stage 111), patho- 
logical changes in the posterior urethra, bladder dila- 
tion and trabeculation, dilated ureters and renal 
pelves, pyelonephritis, vesico-ureteral reflux. 

Excretion urography adequately demonstrates 
the changes in the kidneys, ureters, and bladder. 
Voiding cystourethrography is essential for demon- 
strating the valves and the condition of the urethra. 
—W illiam H. Shehadi, M.D. 


PoLLack, Howard M., PorKy, GEORGE L., and 
BLumsBERG, Myron L. Hernias of the ureter: 
an anatomic-roentgenographic study. Radi- 
ology, Nov., 1975, 777, 275-281. (Address: 
Howard M. Pollack, M.D., Department of 
Radiology, Episcopal Hospital, Philadelphia, 
Penn. 19125.) 

Four new cases of herniation of the ureter are 
added to the previously recorded 120 cases. A break- 
down of the reported sites of ureteral herniation 1s 
given with the most common sites being inguinal and 
femoral. Ureteroinguinal hernias are further sepa- 
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rated into paraperitoneal and extraperitoneal 
varieties. Since the ureteral hernia may be reduced 
on a supine film, the roentgenographic finding of a 
redundant loop of pelvic ureter which has been given 
the name of “‘curlicue ureter” should prompt further 
evaluation. This evaluation should include upright 
and appropriate oblique filming according to orienta- 
tion ef the redundant segment. The films should 
include the external genitalia. Recognition of the 
“curlicue ureter” and subsequent roentgenographic 
confirmation of the ureteral hernia could aid in 
avoiding inadvertent injury to the ureter during 


hernia repair.—R. F. Kuhnhein, M.D. 


BEN-MENACHEM, Yoram, Marcos, Ju tio, 
WALLACE, SIDNEY, and MEDELLIN, HECTOR. 
Angiography of renal metastases. Brit. F. 
Radiol., Dec., 1974, 47, 869-874. (Address: 
Yoram Ben-Menachem, M.D., Hermann 
Hospital, 1203 Ross Sterling, Houston, Texas 
77025.) 

Renal metastases are commonly encountered at 
autopsy when clinical diagnosis of such metastases 
has net been made. Thirteen patients were studied 
by angiography for various reasons, such as pain or 
hematuria and the diagnosis of metastasis was made. 

Seven of these patients had squamous cell carci- 
noma, of which five originated in the lung, and one 
each in the larynx and uterine cervix. In these seven 
patients, the angiogram disclosed encasement, 
amputation, and displacement due to the mass. In 
only a few cases was there slight hypervascularity in 
the periphery of the lesion, and this may have been 
inflammatory in tissues surrounding the metastasis. 
In six of the seven, renal involvement was bilateral. 

One patient had an anaplastic carcinoma of the 
lung, and the renal involvement was bilateral and 
characterized by hypervascularity. 

In five patients, the metastasis was from a renal 
cell carcinoma in the opposite kidney, and in two of 
these the primary and the metastasis were discovered 
simultaneously. This presentation naturally gives 
rise to the suggestion that there were simultaneous 
bilateral primary carcinomas. This question remains 
open. In some of these patients, the examination 
showed a large tumor in one kidney and at least two 
small lesions in the opposite kidney, somewhat more 
suggestive of metastasis. In one of the five, the 
metastasis exhibited arterial encasement and ampu- 
tation, but in the other four, there were multiple 
irregular tumor vessels with an intense tumor blush. 

Thus, in most cases close correlation was found 
between the histology of the tumor and the vascular 
pattern of its metastases. In six of the seven patients 
with metastasis from lung primary lesions, five had 
bilateral renal metastasis. 

The principal value of the examination appears to 
be in patients with metastases who are bleeding 
significantly and in whom arrest of the bleeding by 
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infarcting the tumor is possible. In a patient with 
a primary renal tumor on one side and a single me- 
tastasis on the other side, surgical removal of the 
primary is probably contraindicated.—E. Frederick 
Lang, M.D. 


Cremin, B. J. The “spinnaker saii” appearance 
of the posterior urethral valve in infants. 7. 
Canad. A. Radiologists, Sept., 1975, 26, 188- 
191. (From: Groote Schuur Hospital and Red 
Cross Children’s Hospital, University of 
Cape Town, South Africa.) 


Any male neonate presenting with a distended 
bladder or urinary ascites should be suspected of 
having posterior urethral valves, which are an exag- 
geration of the normal ridges of mucous membrane 
that extend downward and laterally, almost sur- 
rounding the urethra a little above the membranous 
region (Type 1). The author believes this to be the 
only true obstructing valve. 

Fifty cases, seen between 1967 and 1973 were re- 
viewed; 30 were under six months of age. Abdominal 
distention and vomiting were common presenting 
symptoms in infants. Other symptoms included 
failure to thrive, difficulties in micturition, ascites, 
renal masses and pneumothorax. Vesico-ureteral 
reflux was common early in life, less frequent in later 
childhood. 

The preferred diagnostic approach includes pre- 
liminary intravenous urogram and determination of 
serum electrolytes. Voiding cystourethrography is 
the definitive examination. The bladder may be 
trabeculated; the prostatic urethra is cilated. In 
lateral projection, the valve has a ballooning spin- 
naker appearance. (Webster: spinnaker—a large tri- 
angular baggy headsail used on some racing yachts 
when running before the wind.) In severe neonatal 
cases, the “sail” balloons distally causing further ob- 
struction of the urethra which emerges from a tiny 
aperture situated dorsally and proximally. 

In young infants, the valve is a sail-like structure 
consisting of a single fold rather than the commonly 
accepted “‘pair of sails.” This concept is important 
if ablation using an insulated diathermy hook is 
contemplated. 

Posterior urethral valves are the most common 
cause of neonatal urinary ascites and resulted in 67 
percent mortality during the first three years of this 
study. Mortality rates have been improved signifi- 
cantly in recent years by early recognition of the 
lesion, correction of electrolyte imbalance, and per- 
forming initial drainage ureterostomies in poor risk 
cases.—Adele Altman, M.D. 


Hue, I., and Minatscu, J. M. Die primäre 
oxalosis: Fallmitteilung mit radiologisch- 
pathologisch-anatomischer Korrelation und 
Literaturiibersicht. (Primary oxalosis: report 
of a case with radiologic-pathologic-anatomi- 
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cal correlation and review of the literature.) 
Fortschr. a. d. Geb. d. Rontgenstrahlen u. d. 
Nuklearmedizin, Aug., 1975, 723, 154-162. 
(Address: Dr. med. Iso Hug, Universitatsin- 
stitut für Medizinische Radiologie, Kantons- 
spital, CH-4004 Basel, Switzerland.) 


A 20 year old woman with no familial history of 
kidney disease was found to have primary oxalosis. 
The first indication of abnormality was recurrent 
syncope. This was found to be due to total heart 
block, and subsequent examination of other struc- 
tures showed a fully developed uremia, a non- 
functioning left kidney, and an extensively damaged 
right kidney. She was supported by periodic dialysis. 

In the following three years while this was being 
carried out, she developed depression, generalized 
skeletal pain, with immobilization and irreversible 
contractures in the left hand, the skin became in- 
durated and discolored, crystals became visible in 
the perimacular region in the eyes, and she died 
suddenly apparently because of disturbance in 
cardiac rhythm. 

Roentgen findings included severe calcinosis. The 
right kidney was contracted and very dense. There 
was diffuse skeletal dystrophy with high-grade 
secondary hyperparathyroidism and diffuse arterio- 
sclerosis, subcutaneous calcification, and periarticu- 
lar calcification. 

The patient was subjected to autopsy. 

Excellent illustrations show the skeleton in a 
relatively normal state and subsequently after the 
full development of secondary hyperparathyroidism. 
—E. Frederick Lang, M.D. 


WaGENKNEcnHT, L. V., and Wening, H. 
Wertigkeit röntgendiagnostischer Verfahren 
bei retroperitonealer Fibrose. (The value of 
roentgen diagnostic methods in retroperi- 
toneal fibrosis.) München-med. Wehnschr., 
Nov., 1975, 777, 1835-1838. (Address: Priv.- 
Doz. Dr. med. L. V. Wagenknecht, Urolo- 
gische Klinik und Poliklinik, der Universi- 
tatskliniken Hamburg-Eppendorf, D-2000 
Hamburg 20, Martinistrasse 52, Germany.) 


The cause of primary retroperitoneal fibrosis is 
still unknown. Its occurrence in some patients who 
have used methysergide is known, but a large num- 
ber remains idiopathic. The relationship of the lesion 
with the iliac vessels has led to the suggestion of vas- 
cular disease as a possible basis; other suggestions 
have included autoimmune disease, lymphatic ob- 
struction, local inflammatory changes, and systemic 
diseases. The authors have observed a total of 48 
patients. They present detailed descriptions of two, 
one with idiopathic retroperitoneal fibrosis, and the 
other following treatment with methysergide for ten 
years because of migraine. 

The most satisfactory method for making the 
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diagnosis is intravenous urography. Plain film stud- 
ies of the abdomen occasionally show nonspecific 
changes in the psoas muscles. Medial displacement 
and compression of the ureters are typical early signs 
well shown by urography. In 98 percent of patients 
the disease is unilateral at first, and in 70 percent it 
later becomes bilateral. In 75 percent the involved 
ureteral segments are in the region of fourth and 
fifth lumbar vertebrae. Examination in the lateral 
view and during respiration adds further information 
in these individuals. 

Contrast study of the inferior vena cava is the 
second most important roentgenologic method of in- 
vestigation. In about 42 percent of patients, the 
inferior vena cava is compromised, and in more than 
half of these the iliac veins as well. The lateral view 
of the contrast study of the vena cava is likewise 
important as the vessel is displaced anteriorly. 
Although thrombosis and thrombophlebitis occur 
relatively frequently, almost never is there emboliza- 
tion because the narrowing of the vena cava prevents 
this. 

Lymphangiography and arteriography are of 
value and are particularly valuable in determining 
the downward extent of involvement which may not 
be shown in studies of the urinary tract.—E. Freder- 
ick Lang, M.D. 


SKELETAL SYSTEM 


ScHNEIDER, K., Erp, W., LoBenwein, E., 
PENNER, E., and WILLVONSEDER. Eosino- 
philes Granulom (Histiozytosis-X) mit pul- 
monaler und ossarer Manifestation. (Eosino- 
philic granuloma (histiocytosis-X) with lung 
and bone manifestations.) Wien. klin. 
Wehnschr., Aug., 1975, 75, 486-488. (Ad- 
dress: Dr. K. Schneider, Medizinische Uni- 
versitatsklinik, Garnisongasse 13, A-1090 
Wien, Austria.) 


A 26 year old man presented with a spontaneous 
fracture of the neck of the right femur through an 
osteolytic lesion. A chest roentgenogram demon- 
strated an appearance suggesting interstitial pul- 
monary fibrosis. Tuberculosis and wide-spread ma- 
lignancy were considered, but were excluded by 
appropriate investigation. 

Isotope studies with strontium showed what might 
have been 2 second lesion in the humerus, but there 
was no roentgen change to indicate this. There were 
calcified hilar lymph nodes, and the skin test was 
positive for tuberculosis. He was therefore put on 
anti-tuberculous treatment before the operation. 

At the time of surgery on the femoral fracture, 
material for microscopic investigation was obtained 
and a clear differentiation between eosinophilic 
granuloma and hyperparathyroidism could not be 
established histologically. Clinical and biochemical 
evidence of disturbance in calcium metabolism was 
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not present, however. A lung biopsy was carried out 
and this established the diagnosis of esoinophilic 
granuloma. The combination of pulmonary and 
skeletal change due to eosinophilic granuloma is 


rare.—Modified Published English Abstract. 


LoEFFLER, R. KENNETH, DiSimone, ROBERT 
N., and Howrann, WILLARD J. Limitations 
of bone scanning in clinical oncology. 
7.4.M.A., Dec., 1975, 274, 1228-1232. (Ad- 
dress: R. Kenneth Loeffler, M.D., NEORAD, 
Radiation Oncology Associates, 430 Lake 
Avenue, N.E., Massillon, Ohio 44646.) 


One hundred patients with cancer were assessed 
by complete bone scans and roentgenologic surveys. 
In seven patients, the scans with technetium-ggm 
labeled phosphate compounds were completely 
normal, but roentgenograms showed definite ab- 
normalities consistent with metastatic disease. Pri- 
mary lesions of these seven include breast in three, 
kidney in two, endometrium in one, follicular carci- 
noma of the thyroid in one. Since the bone scan is 
specific for neoplastic disease involving the bone, 
an abnormal bone scan in the absence of definitive 
changes on roentgenograms or other indications of 
generalized neoplasia is not sufficient indication to 
assume that the patient has metastases, particularly 
if such assumption results in failure to offer poten- 
tially curative therapy. However, the bone scan may 
be very helpful in indicating areas from which 
biopsy specimens could be obtained. The study 
emphasizes the need to obtain bone surveys in pa- 
tients where a normal bone scan occurs in the pres- 
ence of significant symptoms.—H. William Strauss, 
M.D. 


ToMENo, B., and Forest, M. Fréquence et 
nature des tumeurs osseuses: 25 ans d’expéri- 
ence en service orthopédique. (Occurrence 
and nature of bone tumors: 25 years ex- 
perience in an orthopedic service.) Presse 
méd., Sept., 1975, 37, 2243-2244. (Address: 
Dr. B. Tomeno, Clinique chirurgicale ortho- 
pédique et réparatrice, Service B, Pavillon 
Ollier, Hôpital Cochin, 27, rue du Faubourg- 
Saint-Jacques, F 75674, Paris Cedex 14, 
France.) 


A total of 1,329 benign and malignant tumors of 
bone were encountered in a 25 year period among 
63, 798 patients hospitalized in a hospital devoted to 
orthopedics and rehabilitation. Fifty-five percent of 
the lesions were benign. Of 516 (45 percent) tumors 
which were malignant, 320 (62 percent) were pri- 
mary, 163 (32 percent) were metastatic, and 33 
(6 percent) could not be classified either primary or 
secondary. Of the metastases, 30 percent were from 
breast, 15 percent from the kidney, 8 percent each 
from the digestive tract and the lung, 6 percent from 
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the prostate and 5 percent form the thyroid. 

Several aphoristic generalizations are offered. The 
most common bone tumor is metastasis. Beyond 
50 years, osseous lesions suggesting tumors should 
be considered myeloma or metastasis until proved 
otherwise. The most frequent primary malignant 
tumors are, in order; osteosarcoma, in the adolescent; 
chondrosarcoma, between the ages of 30 and 45 
years; and reticulum cell sarcoma, including Ewing’s 
tumor. The three most frequent benign tumors are 
exostosis, giant cell tumor, and osteoid osteoma. 
The lesions which most frequently undergo malig- 
nant degeneration are giant cell tumors, exostosis, 
(particularly if multiple), chondromas, adamantino- 
mas, and chordomas.—Augmented Published English 
Abstract. 


Davipson, J. K. Radiology of aseptic necrosis 
of bone. F. belge de radiol., May-June, 1975, 
58, 189-204. (Address: Department of Diag- 
nostic Radiology, Western Infirmary, Glas- 
gow, G11 6NT, Scotland.) 


Aseptic necrosis of bone, also termed osteonecrosis, 
infarction, or avascular necrosis is commonly associ- 
ated with trauma. It can be related to other condi- 
tions such as prolonged steroid therapy, the hemo- 
globinopathies, and dysbaric disease. The bone 
becomes nonviable due to loss of blood supply. 

The actual necrosis can occur within six to twelve 
hours after arterial occlusion, but the earliest roent- 
genographic sign of an absolute increase in bone 
density may not be present for six months following 
trauma. This increase in density is secondary to re- 
vascularization of the necrotic bone with the laying 
down of new bone on the dead trabeculae. The artic- 
ular cartilage can remain healthy for a considerable 
time, but it finally may undergo a structural failure 
and collapse into the underlying necrotic bone. This 
results in a step formation or sequestration of the 
previously smooth joint surface. A radiolucent cres- 
cent sign may appear in the subcortical area indi- 
cating a fracture through the necrotic bone. 

The most common sites include the femoral head, 
the talus, the humerus, and the carpal navicular 
bones. In femoral neck fractures it is extremely 
difficult to predict if necrosis of the head will occur. 
This cannot be ascertained even at surgery, and 
appropriate follow-up roentgenograms are of extreme 
importance. 

Severe talar injuries produce a very high incidence 
of aseptic necrosis, but simple dislocations show an 
incidence of only 28 percent. About 10 to 15 percent 
of carpal navicular fractures result in osteonecrosis. 
This is seen only after immobilization for four ro 
six weeks and osteoporosis has developed in sur- 
rounding bones. 

Dysbaric osteonecrosis, Caisson disease, most com- 
monly affects the distal femoral shaft and never in- 
volves the knee joint surface. Spontaneous osteone- 
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crosis is often associated with steroid or immunosup- 
pressive therapy, and alcoholism. Lesions are multi- 


ple and bilateral— Arch H. Hall, M.D. 


LATEUR, L., and BAERT, AL. Radiological fea- 
tures in Reiter’s disease. F. belge de radiol., 
May-June, 1975, 58, 205-211. (Address: 
Prof. A. Baert, Dienst Röntgendiagnostiek, 
Universitaire Kliniken St.-Rafaël, Capuci- 
jnenvoer 35, 3000 Leuven, Belgium.) 


The clinical triad of conjunctivitis, urethritis, and 
arthritis was first described by Reiter some 6o years 
ago. The conjunctivitis may be subclinical and of 
short duration but it can lead to chronic iritis. The 
urethritis is abacterial in type with some excep- 
tions. The arthritis affects one or more joints with 
asymmetrical distribution usually involving the 
lower limbs or the sacroiliac joints. Fifty percent of 
cases become chronic but are seldom incapacitating 
such as in rheumatoid arthritis. A fourth symptom 
may develop: painless mucocutaneous lesions which 
are indistinguishable from psoriasis. 

The roentgenological features are derived from the 
synovitis and fibrositis. The features often cannot 
be differentiated from ankylosing spondylitis, 
psoriatic arthritis, or rheumatoid arthritis. Initially 
they include perarticular soft tissue swelling, peri- 
articular demineralization, and periosteal ossifica- 
tion. Joint space narrowing develops after one 
month. 

In the chronic stage Reiter’s disease closely 
simulates advanced rheumatoid arthritis with 
marked joint space narrowing leading to ankylosis, 
articular cortical erosions, and luxations, but the 
lesions are asymmetrical and do not affect the upper 
extremities. More than half the cases involve dorsal 
calcaneal spurs and erosions as well as unilateral 
sacroiliac disease. In the spine there may be one or 
more large unilateral cowhorn shaped osteophytes. 
Bony proliferation at the inferior margins of the de- 
scending ischial rami is common.—4rch H. Hall, 


M.D. 


Gavasko, C. S. B. The significance of occult 
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skeletal metastases, detected by skeletal 
scintigraphy, in patients with otherwise ap- 
parently “early” mammary carcinoma. Brit. 
F. Surg., Sept., 1975, 62, 694-696. (From: 
Department of Surgery, Royal Postgraduate 
Medical School, London, England.) 


Occult skeletal metastases have been found on 
scans in about 25 percent of patients with “early 
mammary carcinoma.” The significance of these 
occult lesions was evaluated by following 60 con- 
secutive patients with early mammary carcinoma 
who had a skeletal scintigram with fluorine-18 when 
they first presented. All patients had been followed 
for a period of five years. Following initial evalua- 
tion, all patients had a mastectomy, either simple or 
radical, followed by a course of radiation therapy to 
the local lymph nodes. Twelve of the 50 patients had 
abnormal scans. All twelve subsequently developed 
disseminated cancer and nine died of their carcinoma. 
Two are alive at five years with disseminated disease. 
Of the 38 patients with negative scintigrams, ten 
have subsequently developed disseminated. disease 
and eight have died from their cancer. Two are 
presently alive with disseminated disease, and 25 are 
alive with no evidence of recurrence (three patients 
died of intercurrent disease). 

The results of this study suggest that there may 
be three stages of mammary carcinoma: (1) early, 
where there is no clinical roentgenographic or scinti- 
graphic evidence of disseminated disease; (2) early 
advanced disease where occult skeletal metastases 
are seen on scintigraphy but there are no clinical or 
roentgenographic evidence of disseminated disease; 
and (3) advanced disease, when metastases are 
obvious on clinical or roentgenographic examination. 
Clinical trials should evaluate each group sepa- 
rately. The interesting group would appear to be 
those with occult skeletal metastases, since recent 
evidence suggest that chemotherapy is most effective 
when tumor deposits are very small. It is possible 
that these patients should be treated by some form 
of therapy as well as local excision when they first 
present.—H. William Strauss, M.D. 


Hysterosalpingogram with Salpix Contrast Medium. 24-hour postinjection x-ray of same patient. 


now you see it now you don't 


With Salpix.as your contrast medium, your gynecologic pa- CONTRAST MEDIUM 
tient needn't undergo the 24-hour postinjection x-ray usually 
required with iodized oils. Water-soluble Salpix leaves virtu- 
ally no irritating radiopaque residue to produce foreign-body TRADEMARK 


reactions, yet it provides the viscosity needed for adequate «ccc contains: 
far Ea p y q sodium acetrizoate 0.53 g and 


polyvinylpyrrolidone 0.23 g 


Contraindications: Contraindications to hysterosalpingography include the 
presence of severe vaginal or cervical infections, existing or recent pelvic 
infection, marked cervical erosion or endocervicitis, and pregnancy. The pro- 
cedure is contraindicated during the immediate pre- or post-menstrual phase. 
Sensitivity Test: If indicated in the patient’s history, an intracutaneous skin test 
or sublingual absorption observation may be done with 0.1 cc Salpix. 

Warning Not for intravenous use. © ORTHO PHARMACEUTICAL CORPORATION 1970 
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GE research solves the primary problem of 
existing total body scanners—motion unsharpness. 





GE fast-scan 
computerized tomography: 
a whole new generation. 


360° CONTINUOUS SWEEP 





Third generation: GE’s continuously rotating pulsed 
fan beam scanning. 5 to 10 seconds. 


First and second generation units aren’t 
fast enough for total body scanning. 


First and second generation computerized 
tomography systems have one major problem: 
image blurring caused by patient movement 
during body scans. 


General Electric research has developed a fast- 
scan technology that is launching a new third 
generation of computerized tomography (CT) 
systems. The faster scans provide clear, 

sharp images. 


During body studies, patient movement caused 
by breathing can result in motion unsharpness. 
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First generation: Pencil beam rectilinear scanning. 
412 to 5% minutes. 


To really tackle this problem, ascan should ta 
less time than a patient can hold his breath 
comfortably—10 seconds or less. However, 
existing computerized tomography systems 
cannot match this speed. 


First generation units, using a pencil beam wit 
1° incremental rotate-and-translate principle, 
take 4% to 5% minutes to complete a 180° scé 


Second generation systems use multiple penci 
beams and more detectors—up to 30. Rotation 
in larger angular increments. This configuratic 
takes from 20 seconds to 3⁄2 minutes per scar 
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Second generation: Multiple pencil beam rectilineat 
scanning. 20 seconds to 31⁄2 minutes. 


GE develops continuously 
rotating fan beam technology for 
fast-scan capability. 


In developing an entirely new total body system, 
GE engineers and scientists abandoned the 
incremental rotate-and-translate approach of 
first and second generation units, with their 
inherent mechanical instability and resultant 
speed limitations. Instead, GE used a simpler, 
more stable mechanical approach, in which the 
tube and detectors rotate smoothly about the 
body in a continuous 360° scan, without need 
for translation. 


This new third generation technology combines 
a continuously rotating, pulsed, wide fan x-ray 
beam with a unique high-pressure xenon 
detector array of up to 320 stable detectors. 
Advanced electronics are included to read out 
the huge volume of data. And GE has 
successfully conceived and implemented a new 
computational approach compatible with 
diverging fan beam geometry. 


Third generation fast-scan technology 
proven on CT/M system. 


GE’s first application of fast-scan technology 
utilized computerized tomography’s tissue 
density differentiation capability in the 
challenging area of breast examinations. This 
unit, called the CT/M system, is currently being 


Clinically evaluated. Scans are completed in just 
10 seconds. Patient handling is minimized. If you 


are interested in further information about the 


CT/M system, contact your GE representative or 


write for Publication 4675. 





CT/M System 


Fast-scan CT: backed by GE. 


GENERAL A ELECTRIC 





CT/T System 


CT/T system performs body scans 
in less than 5 seconds. 


The CT/T system for total body scanning is 
moving into the clinical environment. Scan time 
for the CT/T unit is 4.8 seconds. GE engineers 
believe this unprecedented scanning speed will 
provide consistently sharp, clear images for 
body studies. First production units are 
scheduled for the last half of 1976. The new 
CT/T systems represent the culmination of one 
of General Electric’s most extensive research 
and development programs. 


There’s a corporate commitment behind 
GE scanning equipment. 


All General Electric scanning systems are 
backed by the same company that has been 
serving radiology since the revolutionary 
Coolidge x-ray tube was introduced 63 years 
ago. And that kind of corporate dedication to 
excellence in medical equipment continues 
today... with the development of continuously 
rotating, pulsed fan beam technology. 


As you consider CT scanning equipment, 
remember GE’s continuous commitment to 
technology, product quality and service. That 
commitment is an important part of every GE 
medical system. 





Improving productivity is important to radiology departments. 
GE equipment can help make it happen. 








GE: committed to helping x-ray 
departments do more. 


The prime concern of any radiology department is in hundreds of hospitals, MMX™ is delivering hig] 
serving patients. And the more efficient that quality images of the entire area of interest, using 
service, the more everyone benefits. That's why GE xeroradiography or mammography, including ne" 
is committed to providing systems that help your fast screen/low dose film procedures. The 
x-ray department make optimum use of time, technologist can perform exams quickly and 
space, resources and personnel. Here are some confidently, assured of minimum retakes. 
examples: À ; , i 

mnie Patient confidence is also increased, because the 
MMX system...optimum capability and et case be ie AE nn iil 
efficiency for breast exams, with minimum 3 g iú 


patient apprehension. Quantamat™ automatic exposure control provide 
correct exposure, regardless of breast size or 
firmness. This control assures consistent image 
density from one exam to the next. Resulting ima! 
quality is excellent, from craniocaudad views to 
axillary and mediolateral. 


This dedicated, self-contained system offers a wide 
variety of tube angulations and compression 
positions for virtually any breast projection. Today, 


With this specialized system, any radiology room 
can become a dedicated breast examination area 
Since no wall, ceiling or floor supports are neede 
installation is fast and inexpensive. If department 
layout changes at a later date, the MMX system cé 
be easily moved to a different room. 


If seeing is believing, here's your opportunity tod 
so. Now, the ease and versatility of positioning an 
operating the MMX system are demonstrated in a 
new desk-top motion picture and related 
application guide. Featured are positioning 
directions, suggested technics, a critique of actu: 
films and more. Ask your GE medical systems 
representative to arrange for ashowing and a 
supply of application guides for your departmen 








Mediolateral view Supine mediolateral view 





Craniocaudad view 
(with tube unit angulated) 





Televix remote control system...technic 
versatility provides more image 
information; improves patient flow. 


Versatile, proven performance makes the Televix™ 
system the logical alternative to classical 
approaches. Any tableside R&F procedure can be 
handled by Televix remote control, with some very 
real advantages. 


Maximum image information—plus better image 
quality—result from the system's optimized 
geometry (43-inch SID). And, there’s greater 
convenience because of integrated multi- 
procedural capability...immediate changeover 
between fluoroscopy, Bucky radiography and true 
linear tomography. This significantly improves 
patient flow and, in many hospitals, results in 
operational-cost savings up to 25%. In addition, 
there's reduced radiation exposure to the 
radiologist, because of total remote control. And, 
fewer retakes, less total time per examination 
means less exposure to patients too... the result of 
sharp fluoro images and immediate recording of 
precisely what has been viewed, as well as 
Quantamat™ automatic exposure control that 
provides the desired density in every image. 


Televix system smoothly handles the full range of 
morning GI studies, including longitudinal oblique 
angle fluorascopy in any scanning position, with 
105 mm photospotting that can record up to 10 
images per second, plus Bucky radiography. Then, 
in the afternoon, Televix takes on the department's 
high volume of radiographic and tomographic 
procedures. 





Blue Max screens... sage 
precise image quality 

and reduced radiation _ 
without drastic changes 

in equipment or technic. 


GE Blue Max™ screens pro- 
vide maximum image qual- 
ity and diagnostic data at 
much lower radiation levels 3 - 
than standard screens. Blue Max 1 and 2 inten- 
sifying screens feature GE-developed lanthanum 
oxybromide phosphors which absorb twice the 
x-rays, Compared to standard calcium tungstate 
screens. Thus, Blue Max screens deliver the 
same image quality at half the mAs. This allows 
shorter exposure times, reducing motion 
unsharpness. Standard cassettes and any blue- 
sensitive film can be used. Blue Max screens are 
blue-emitting, so they require no unusual dark- 
room lighting or special processing techniques. 


BLUE MAX 1 Screen Speed 





SCREEN SPEED 
Relative to Par 





60 kVp 80 kVp 100 kVp 


Extremity Skull Spine 
8cm 18cm 40cm 
or 
TECHNIC 120 kVp 
Colon 
18cm 


BLUE MAX 2 Screen Speed 


SCREEN SPEED 
Relative to Du Pont Hi-Pius 


60 kVp 80 kVp 100 kVp 
Extremity Skull Spine 
8cm 18cm 40cm 
or 


TECHNIC 120 kVp 


Colon 


18cm 
Blue Max screens’ consistent 2x speed over 
the diagnostic kVp range makes modification 
of technic charts simple. 


General Electric has many other time-saving, cost 
saving systems to improve radiology productivity. 
Find out how these systems can help your x-ray 
department do more. Talk to your GE representati 
General Electric Medical Systems 

Milwaukee, Toronto, Madrid 


GE: leading the 
Way in x-ray. 


GENERAL ĜA ELECTRIC 





Response time is vital to any C.A.T. 
—computerized axial tomography 
system. But, so is control of both 
voltage and X-ray tube emission 
current. That’s why UVC engineered 
its automatic, dual-control regulators 
to provide the instantaneous, 
precisely-regulated power supply 


essential to these diagnostic systems. 


Separate regulator circuits featuring 
independent voltage and current 
controls automatically maintain 
voltage stability and X-ray tube 
emission current that offers an 
unsurpassed combination of 
split-second timing and absolute 
power control for the C.A.T. 


Because UVC equipment has proved 
so constant, safe, and sure in 
repeated clinical use, it is now the 
firs ice of most C.A.T. systems. 
UE VG inped C.A.T.s... 
more power 
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| Write or call 


wJMmEW EF FS ZA EL. 
bL TRONIC S 


(Ae ]- -del F- adkLel,) 
27 Radio Circle Drive. Mount Kisco. N.Y. 10549 
(914) 241-1300 





Now the complete, 
flexible ultrasound system: 


— TheRT-400. 


For dynamic,two-dimensional. 
—— real-time, high-resolution imaging. 
Today and tomorrow. 













For more information, write or call: 
Grumman Health Systems 
400 Crossways Park Drive 
Woodbury, New York 11797 
(516/575-3513) 





GRUMMAN 





Synerview™ produces 
images of startling worth. 





Computed Tomography is here now 
and it works. From the array of today’s 
CATs will emerge the systems of 
tomorrow. 

Today, the fine detail apparent in 
Computed Tomography images has 
generated a great deal of interest 
and excitement in the field of 
diagnostic visualization. 

It takes no great insight to predict 
that this is only the beginning. In the 
not-distant future today’s CT imaging 
systems may appear almost primitive. 

The developmental thrust behind 
synerview has been painstakingly 
thorough to circumvent “generation” 
obsolescence. The concept of Com- 
puted Tomography is unquestionably 
viable. But at this early stage of its 
development, implementation is still 
open to a great deal of speculation. 

The fact is that some of today’s 
designs will not be able to live up to 
tomorrow's standards. After time and 
experience have taken the measure 
of today’s systems, a few will remain. 

One of them will be Synerview, 

Discuss Synerview with your 
Picker representative. Or write Picker 
Corporation, 595 Miner Road, 
Cleveland, OH 44143. 


PICKER 


ONE OF THE CT. COMPANIES 
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THE SPINE: 
A Radiological Text and Atlas, 4th ed. 


This exceptionally complete book considers 
the vertebral column as a system and is, through 
this unique approach, reviewed in full rela- 
tionship to osseous disease, diseases of the 
central nervous system, metabolic and nutri- 
tional disturbances, effects.of trauma, degen- 
erative and neoplastic conditions. Classical 
changes, as well as variations ‘and similarities 
with pathologic states are; cited through 
hundreds of unretouched roentgenograms 
which describe fully the most pertinent areas of 
radiologic interest. 

By BERNARD S. EPSTEIN, M.D., University of 
Texas Health Science Center at San Antonio. 
856 pp. (7 x 10), illus., 1976, Ready Now. 


FUNDAMENTALS OF VASCULAR 
RADIOLOGY 


In-depth description of angiographic and 
catheterization technics for vascular radiology 
is provided in this book. Each chapter begins 
with a discussion of the indications and con- 
traindications for angiography of a particular 
organ system. Specialized radiographic 
equipment, including equipment necessary for 
pressure recordings and cardiac output 
measurements, and indications for pressure 
measurements during angiographic procedures 
are thoroughly described. 

By ROBERT I. WHITE, JR., M.D., Johns Hopkins 
University School of Medicine, Baltimore, 
Maryland. 151 pp. {7 x 10), illus., 1976, 
$13.00. 





M-MODE ECHOCARDIOGRAPHIC 
TECHNIQUES AND PATTERN 
RECOGNITION 


Emphasis is placed on how to find and record 
useful echocardiographic motion, technically 
satisfactory for interpretation. Definitive data 
derived from cardiac catheterization and 
surgery support the echocardiographic 
interpretations. 

By SONIA CHANG, B.S., Emory University 
School of Medicine, Atlanta, Georgia. 

160 pp., 137 illus., paperback, 1976, $7.00. 


INTRODUCTORY PHYSICS OF 
NUCLEAR MEDICINE 


A concise, readable presentation of funda- 
mentals of physics necessary in understanding 
various nuclear medicine procedures. Examples 
and problems from rouline practice are given. 
Discussed are radioactivity, production of 
radionuclides and radiopharmaceuticals, and 
interaction and detection of radiation. 

By RAMESH CHANDRA, Ph.D., New York 
University Medical School, New York, New 
York. 185 pp., 68 illus., 1976, 

Ready June. 


BASIC RADIATION BIOLOGY, 
2nd ed. 


This book uses straightforward style and simple 
tables, charts and diagrams to present the 
general principles and important techniques 
of radiation biology. 

By DONALD J. PIZZARELLO, Ph.D., New York 
University Medical Center, New York; and 
RICHARD L. WITCOFSKI, Ph.D., The Bowman 
Gray School of Medicine of Wake Forest 
University, Winston-Salem, North Carolina. 

143 pp. (7 x 10), 42 illus., 1975, $11.75. 


Order any book from your 
bookstore or directly from 


Lea & Febiger on 14 day 
approval. 





ILMENITE 


High density aggregate for Hospital X-Ray shielding. Canadian IImenite 
ore offers a widely accepted source of shielding against X-Rays and 
other medical sources of radiation. 


Recent IImenite applications at: 


General Hospital—Montreal 

Civic Hospital—Ottawa 

Princess Margaret Hospital—Toronto 
Queen’s Cancer Clinic—Kingston 

M.D. Anderson Hospital—Houston 
Allegheny Hospital—Pittsburgh 

Rhode Island Hospital—Providence 
Memorial Hospital—Newfoundland 
Massachusetts General Hospital—Boston 
St. Josephs Hospital—Houston 


Also used for nuclear shielding with poured-in-place concrete, high 
density block applications, weighting and counter-weighting, ballasting, 
and as a component in mixed media filtration beds. 


Write for brochure and technical data: 


NUCLEAR SHIELDING SUPPLIES & SERVICE 
OF CANADA LIMITED 


2545 Delorimier Avenue 
Longueuil, Quebec, Canada 
(514) 677-6333 è Telex 05-25448 


United States Offices: 


NUCLEAR SHIELDING SUPPLIES NUCLEAR SHIELDING SUPPLIES 
AND SERVICE, INC. AND SERVICE, INC. 

4328 East Tradewinds Avenue 3130 Southwest Freeway 

Lauderdale-by-the-Sea Suite #204 

Florida 33308 Houston, Texas 77006 


(305) 776-4482 è Telex 514-527 (713) 526-6461 è Telex 76-2047 


Now the Polytome— world’s mo 
sophisticated tomographic 
system — has its own snap-on 
examination chair for pneumo- 
encephalography. It’s never bee 
easier or more efficient to use 
multi-directional tomography i 
pneumo studies! 


Isocentric patient positioning 
keeps the patient’s head in the 
fulcrum for all projections. And 
Polytome and chair are fully sy 
chronized for proper filling of 
ventricles and temporal horns. 


elected patient positions and visualizations in a common pneumo procedure 


ERECT: LATERAL  BROW-UP: LATERAL BROW-DOWN: PA 





adicated Pneumo Chair 


mpact, lightweight, easily and 4 à Add a Pneumo Chair to any new 
ickly attached, dismounted and “s % or existing Polytome for a dedi- 
bred in the Polytome room, the Gj A cated neuroradiological system at 
w chair gives you full use of all - =  afraction of the cost. Detach the 
e Polytome’s capabilities: from T Chair and return the Polytome to 
ear to the famous hypocycloidal Fi)  itsrole as top department 

rring motions. .. layer height EN ee” 4 Meee: 
justment... superb image qual- : a da 
in every exposure...constant 
largement for every layer... 
timum visibility of the patient 
oughout the examination. 


Now let us ‘‘pull up a chair” and 
show you how it works. 


BROW-UP: AP* A STAGE IN FILLING THE TEMPORAL HORNS 


“After sequential filling For additional information, contact your Philips 
of tempora! horns representative. Or, call or write: 


PHILIPS MEDICAL SYSTEMS, INC. 


710 Bridgeport Avenue, Shelton, Conn. 06484 





CHARLES C THOMAS « PUBLISHER 


PANORAMIC DENTAL RADIOGRAPHY by 
Lincoln R. Manson-Hing, Univ. of Alabama, 
Birmingham. Comprehensive material on the 
subject of panoramic radiography is presented 
with a great number of illustrations and a 
minimum of text. The basic technical systems 
underlying the operating of the various machines 
are presented in a manner whereby diagnostically 
meaningful variations between radiographs made 
by different machines can be easily understood. 
This volume is unique in featuring the history of 
pantomography, the basic radiographic systems 
used, the variety of machines available, and 
radiographic anatomy and artifacts. "76, 196 pp. 
(8 1/2 x 11), 296 il., 6 tables, $32.50 


CORONARY ANGIOGRAPHY (2nd Ptg.) by 
Harold A. Baltaxe, Cornell Medical College, New 
York; Kurt Amplatz, Univ. of Minnesota, Min- 
neapolis; and David C. Levin, Cornell Medical 
College, New York. The gross and radiographic 
anatomy of the coronary artery tree is described 
in this book which deals with the description of 
diverse pathologic processes involving the cor- 
onary artery tree. The scope of the book is not 
restricted to atherosclerotic coronary artery dis- 
ease, but also deals with congenital anomalies. A 
section in this book describes equipment and 
different techniques of catheterization. The 
chapter on complications gives a listing of prob- 
lems encountered and their order of frequency. 
76, 256 pp., 173 il., $22.50 


ADMINISTRATION OF A RADIOLOGY DE- 
PARTMENT: Hints for Day-to-Day Operation by 
Murray L. Janower, St. Vincent Hospital, Wor- 
cester, Massachusetts. To demonstrate that the 
application of common sense and sound business 
management principles to a radiology depart- 
ment will result in a marked improvement in its 
day-to-day operation is the purpose of this 
volume. Specific attention has been given to the 
methods used in handling patients, functions of 
the technologists, the establishment of a quality 
control program, efficient production of radio- 
logical reports, methods of film interpretation, 
darkroom operations, and functions of a file 
room. '76, 72 pp., 8 il., 7 tables, $7.50 


THE RENAL UPTAKE OF RADIOACTIVE 
MERCURY (197HgCl>): Method for Testing the 
Functional Value of Each Kidney, Technique- 
Results- and Clinical Application in Urology and 
Nephrology edited by Claude Raynaud, Service 
Hospitalier Frederic Joliot, Orsay, France. Fore- 
word by Pierre Royer. (41 Contributors) Several 
techniques of uptake measurement are described 
along with simplified systems of external count- 
ing, scanners or gamma cameras. Normal values 
of Hg renal uptake as well as the results obtained 
in patients are outlined. The test described is 
easy to use, accurate and can be repeated with 
the same patient. ’76, 248 pp., 110 il., 47 tables, 
$22.75 


ARTHROGRAPHY OF THE SHOULDER: The 
Diagnosis and Management of the Lesions Visual- 
ized by Julius S. Neviaser, George Washington 
Univ. Medical School, Washington, D. C. The 
author of this book emphasizes the minute 
points of technique, illustrates normal arthro- 
grams, and describes anatomical variations of a 
normal shoulder joint. Chapters present clinical 
and arthrographic findings with explanatory 
roentgenographic illustrations. Outlines of con- 
servative and operative treatment principles are 
also presented. Case studies highlight specific 
problems in which a definite diagnosis has been 
made by use of arthrography. ’75, 288 pp., 265 
il., $22.50 


INDICATIONS AND ALTERNATIVES IN 
X-RAY DIAGNOSIS: A Guide to the Effective 
Employment of Roentgenologic Studies in the 
Solution of Diagnostic Problems (2nd Ed.) by 
Melvyn H. Schreiber, Univ. of Texas Medical 
Branch, Galveston. Various kinds of roentgeno- 
logic examinations available for the unravelling 
of diagnostic problems are examined in this 
book. Emphasis is on providing the reader with a 
thorough background in the uses to which the 
ordinary and special x-ray studies may be put, 
with alternatives emphasized when the indicated 
examination cannot be performed or when more 
than one kind of examination is available for the 
solution of a specific problem. ’74, 192 pp., 98 
il., $11.50, paper 


-n (ers with remittance sent, on approval, postpaid ———_—_———— 


301-327 East Lawrence Avenue œ 


Springfield © 


Illinois © 62717 
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“How many people 
do you know who have 
been cured of cancer?” 


Almost everybody knows someone who has died 
of cancer. But the fact is about two million living 
Americans have been cured. Not only cured but leading 
active, normal lives. Another fact is millions more could be. 

By getting to the doctor in time. 

By availing themselves of the most effective 
methods of treatment today. 

By advances made through cancer research. 
Research made possible with the help of the American 
Cancer Society. ag 7” 

However, there’s . 
much more to be done. 

To help save more people, the 
American Cancer Society 
needs more money. So, please, 
give. We want to wipe out 
cancer in your lifetime. 


| American Cancer Society 
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The Clinac I$ 


Varian Commitment Stands Out 


Varian’s commitment to radiotherapy has resulted in the powerful 
Clinac 18, a multi-modality accelerator with 10 MV photons and 

6 to 18 MeV electrons. Today the Clinac 18 serves over twenty 
radiation therapy centers and has become the most widely selected 
radiotherapy accelerator in its energy range. 


But the record shows Varian commitment means even more. 

It means response... our trained field support staff has nearly 
tripled during the past 2 years. It also means design evolution... 
our engineering team is constantly seeking ways to make 
refinements, with retrofitability wherever possible. 


This is the meaning of Varian commitment. Clinac users have 
known it for 15 years. 


Varian Radiation Division, 
611 Hansen Way, 

Palo Alto, CA 94303 
Phone: 415-493-4000. 


World-wide sales and service. 












if these six people don’t impress you, 





maybe the 
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These people aren’t actors. They 
are real people doing real jobs for 
real companies. 

Take Joseph Minikovsky, for 
example (top left), an electronic 
maintenance engineer. He has 
learned to use one hand the way 
most people in his field have to use 
two. As quickly, as efficiently, as 
accurately. He’s a crackerjack 


technician and the National Broad- 


casting Company knows it. Yes, he 
works for NBC. 

Robert Thompson (top center) 
is a mechanical engineer. At Syska 
& Hennessy in New York. 

Frank Gaal (top right), a ma- 
chine operator for Con Edison. 

James Withers (bottom left), 
an administrative assistant with 
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Control Data Corporation. 
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companies who hired them will. 
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Mildred Hudson (bottom cen- 
ter), a coding and terminations 
clerk for Standard Security Life 
Insurance. 

And Thomas Clancy (bottom 
right) is one of the best computer 
programmers New York Univer 
sity ever had. 

They’re all working. At jobs 
they enjoy. For companies who are 
very grateful to have them. 

You see, despite their obvious 
disabilities, these people are 
skilled, hard-working men and 
women. And traits like that are 
hard to come by these days. (Ms. 
Hudson’s supervisor told us she 
was one of only three people in 
their company who made it to work 















during a heavy snowstorm.) 

It takes a lot of determination 
and many months of rehabilita- 
tion to get where these people are. 

But it takes very little more 
than a letter to find people like 
them and hire them. 

The Director of Vocational Re- 
habilitation in your state has a file 
of skilled, trained, rehabilitated 
people in every field. Ready, will- 
ing and able to work. 

Write to him, next time you 
have an opening. His office is in 
your state capital. 

And join the impressive ranks 
of Con Edison. And NBC. And 
Syska & Hennessy. And Control 
Data. And Standard Security Life. 
And NYU. 


Write the Director of Vocational Rehabilitation in your State Capital. 
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Double up, America. 





Two can ride cheaper than one. 


When people drive to work alone, they spend twice as much 
money on commuting as they should. 

That’s too much. 

They can cut it in half. They can take a frend. 

Not only will that daily commute cost less (and be a lot more 
pleasant), but when people carpool, they cut pollution, congestion and 
gasoline usage. 

And companies benefit directly, because, obviously, fewer cars will 
make less demand on the parking spaces in the company lot. And some 
companies have attributed an increase in punctuality to the fact that more 
and more of their employees were carpooling. 

Help the people in your company carpool. Texas Instruments in 
Dallas did it. 3M Company in St. Paul did it. Prudential Insurance 
Company of Amenica in Boston did it. 

Do it. 

For your “Double up Kit,” write to Double up, U.S. Department of 
Transportation, P.O. Box 1813, Washington, D.C. 20013. It outlines how 
companies can help organize carpools. 

Let's double up. We’ll all get where we're going. Faster and 





cheaper. 
AC 
Counc! 
A Public Service of This Magazine & The Advertising Council 
CARPOOLING CAMPAIGN (ENERGY CONSERVATION) BP-375 


BUSINESS PRESS AD NO. EC-2211-75--7” x 10” (110 Screen) 
Volunteer Agency: APCL&K, Inc., Volunteer Coordinator: John P. Kelley, The Goodyear Tire & Rubber Company 
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SIREP makes radiological reporting 
easier, while allowing data to reach the 
cumews referring physician sooner. In addition 
to real savings in time and labor, SIREP 
serves as the basis for an improved 
DHT system of information processing and 






=—==== communication. The result is a more 
efficient radiology department. 


SIREP offers the speed, flexibility and 

depth of a conventionally dictated report. 
Clinical findings are entered with the 
touch of a finger—multi-copy finished 
reports are printed in seconds. The c 
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Yes... youre 
a candidate 
for Heart Attack 





You can reduce your risk by 

e Notsmoking cigarettes, 

e Eating foods low in animal fats and cholesterol, 
e Reducing if overweight, 

e Exercising regularly, moderately, 

e Controlling high blood pressure, 

e Seeing your doctor regularly, 


and by supporting your Heart Association's pro- 
grams of research, education and community 
service. 
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Every radiographic or 
tomographic setup with the 
Tomolex is assisted by touch 
button. Engage tomography, 
then return to radiography 
in seconds by touching a 
button. Quickly position the 
x-ray tubehead into the 
vertical mode and touch 
another button for erect 
radiography 

Tomolex simplifies the 
mechanics of setup so you 
can concentrate on better 
patient management. 





ONE OF THE C.T. COMPANIES 





Tomolex has replaced the fulcrum bar 
with touch-button control. 


And Tomolex helps you For ease, speed and 
achieve unsurpassed film quality results, Tomolex with 
quality with the universal four-way float top is the 
grid-tree Bucky, incompara- ultimate radiographic /linear 
ble film geometry, sinusoidal tomographic system avail- 
tomographic drive and a able today. It is another 
list of options including example of Picker’synergy 
automatic exposure control. — the complete interfacing 

The flat top and tuck away of systems and services for 
tableside control panel ever better diagnostic visu- 
make patient transfer easy. alization. 

The extra-wide top con- Talk to your Picker repre- 
tributes to a patient's sense sentative, or contact Picker 
of security and simplifies Corporation, 595 Miner 

cross-table radiography. Road, Cleveland,OH 44143. 
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one million veterans who 
will need a job this year? 


It’s only natural to want to for- 
get war once It’s over. To want to pack 
away all those bitter memories. But 
what about the people who served 
their country? Can we pack them 
away like toy soldiers? Forget them 
till they're needed again? And can 
we tell the disabled they’re no longer 
of any use to us? 

If you're someone with jobs to 
give, can you forget the jobs our vet- 
erans did for us? Can you let these 
good, capable people languish on the 
welfare rolls? What a waste of your 
tax dollars. And their lives. 

These are responsible men and 
women. With experience, skills and 
maturity. Even the disabled can do a 


job well. 


The way to get this country 
working is to get people working. So 
if you have a job to give, call the 
National Alliance of Businessmen. 


Help America work. 


The National 


Alliance 
of Businessmen 


Searle 
- Announces 
\ New Concept 


in Diagnostic 
Ultrasound: 


PHO SONIC-SM 





The Most Important Developmen 
ironic ImaginasSinee Gre C 





PHO/SONIC -SM 


A compact B-scanner with TM capability 


Outstanding image quality with high resolution, good grey scale 
and wide acoustic dynamic range. 


Consistent results due to ease of operation, precise mechanical 
construction and unique automatic functions. 


Improved scan conversion system for fast, single-pass scans. 


Novel TV format displays patient and exam data below the active 

image area, automatically updated throughout the examination. 

. And many more exciting new features we would like to present 
to you. 


Before making any purchase decision, contact: 


SEARLE Searle Ultrasound 


Division of Searle Radiographics Inc. 

2270 Martin Avenue 

Santa Clara, California 95050 

(408) 984-2900 NATIONWIDE SERVICE 


A Smart Ultrasound Machine 
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IRIS 100 adas television fluoroscopy 


and OO panes eeilaaine 
1O your Presen x-ray foo”. 


Machlett’s IRIS 100 system is a 
sound investment — both for the 
diagnostician and for the hospital — 
because it provides the most modern 
television fluoroscopy/spotfilming 
capabilities without the need for buy- 
ing a whole new x-ray room. By im- 
proving the radiologists productivity, 
moreover, IRIS 100 enables him to 
apply his much needed skills to a 
greater patient load. 


While its cost is attractive, the real 
reasons for selecting IRIS 100 for 
your x-ray room are far more impor- 
tant: 


Image Sharpness Machlett s 
Cesium lodide Image Intensifier tube 
with its three focusing grids assures 
bright, sharp images both on film and 
on the television screen. 


Short F-R-F Time Machlett’s “‘slid- 
ing mirror” image distributor lets you 
quietly shift from fluoroscopy to spot 
radiography and back to fluoroscopy 
in less than one second. 


Rapid Filming The Old Delft 
‘‘Anodica’’ camera takes 100mm 
films singly or sequentially at 1- 
per-second or 2-per-second rates. 
Exposures are short enough to freeze 
peristaltic motion. Phototiming as- 
sures uniform film densities. 


Human-Engineered Controls Con- 
trols are conveniently placed and de- 
signed for operation with gloved 
hands. Warning lights and interlocks 
eliminate such human errors as ex- 
posure without film. 


Positive Patient ID The 100mm 
camera will not operate without the 
patient identification card in place. 
Film is identified at the time it is ex- 
posed. 


For the whole story on IRIS 100, 
contact your x-ray equipment dealer 
or 


Machlett Laboratories, Incorporated 


1063 Hope Street 
Stamford. Connecticut 06907 
(203) 348-7511 


A Raytheon Company 
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Cannon Lecture: Islet Cell Tumors and the Alimentary Tract. R. M. Zollinger 
Angiography in Crohn's Disease Revisited. F. Brahme and J. Hildell 
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Baker, W. A. Blanc, B. Gay, T. V. Santulli, and C. Donovan 
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Entity. E. G. Barker, Jr., J. Krumpelman, and J. M. Long 


Concomitant Dislocation and Intraarticular Foreign Body: A Rare Complication of the Charnley 
Total Hip Arthroplasty. R. E. Campbell and J. P. Marvel, Jr. 


Embryogenesis of the Human Occipital Bone. R. Shapiro and F. Robinson 


Film Screening by Physician Assistants in Diagnostic Radiology. E. G. Barker, Jr., H. D. Rosenbaum, 
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News Items 1098 Abstracts of Radiologic Literature 





Coming in July: Special Issue on 
Computed Tomography 
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Response time is vital to any C.A.T. 
—computerized axial tomography 
system. But, so is control of both 
voltage and X-ray tube emission 
current. Thats why UVC engineered 
its automatic, dual-control regulators 
to provide the instantaneous, 
precisely-regulated power supply 


essential to these diagnostic systems. 


Separate regulator circuits featuring 
independent voltage and current 
controls automatically maintain 
voltage stability and X-ray tube 
emission current that offers an 
unsurpassed combination of 
split-second timing and absolute 
power control for the C.A.T. 


Because UVC equipment has proved 
so constant, safe, and sure in 
repeated clinical use, it is now the 
first choice of most C.A.T. systems. 
Insist on UVC-equipped C.A.T.s... 
more power to you! 


Write or call 
U nN IVER SAL 
kL- T R O RnNIC S 


CORPORATION 
27 Radio Circle Drive, Mount Kisco, N.Y. 10549 
(914) 241-1300 





Designed for 
better CTimaging 


Searle will soon introduci 

X-ray CT image! 
sophisticated instrument 
advanced mechanical and eli 
tronic tec ee to make Cl 
imaging of the tuture a practical 
reality today 


[his new system is now being 
evaluated and will be released 
lor sale when its reliability 
speed, and diagnostic superior 
ty have been established. Whal 
Searle is developing today, the 
medical community relies on to 


IMOMOW 


For more information, call or 
write: Searle CT Systems, 4233 
No. United Parkway, Schiller 
Park, IL 60176. Telephone (312) 
678-8650 
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IMAGING: 


The Living Art 


SEARLE 


Searle CT Systems 








For more information on both of these products, 
call your local x-ray dealer or write direct. 


A. LIEBEL-FLARSHEIM 


SYBRON CORPORATION 
111 East Amity, Cincinnati, Ohio 45215 U.S.A. 





AÀ Meric AN EDITOR MELVIN M. FIGLEY 
ASSISTANT EDITOR ROSALIND H. TROUPIN 
J ASSOCIATE EDITORS LUTHER W. BRADY 
KENNETH L. KRABBENHOFT 
OURNAL OF E. FREDERICK LANG 
RUSSELL H. MORGAN 
EDITOR 
OENTGENOLOGY EMERITUS TRAIAN LEUCUTIA 


INCLUDING DIAGNOSTIC RADIOLOGY, RADIATION ONCOLOGY, NUCLEAR 
MEDICINE, ULTRASONOGRAPHY AND RELATED BASIC SCIENCES 








CONSULTING EDITORIAL BOARD 
ROBERT J. SHALEK 


KENT ELLIS JOHN G. McAFEE 
E. ROBERT HEITZMAN THOMAS H. NEWTON JOHN STORER 
ROBERT G. PARKER MICHEL M. TER-POGOSSIAN 
STEWART R. REUTER JOSEPH P. WHALEN 
DAVID M. WITTEN 


DONALD L. KING 
JOHN A. KIRKPATRICK, JR. 
WILLIAM B. SEAMAN 


EUGENE C. KLATTE 








OFFICIAL JOURNAL 





Pi 
F IREEN, 
1, BOOB 7 AMERICAN ROENTGEN RAY SOCIETY 
4S Å X 

i S aas : 

Nn, AMERICAN RADIUM SOCIETY 


hy, 2’ 
Mast 


The American Journal of Roentgenology is issued monthly by Charles C Thomas, Publisher, 
301-327 East Lawrence Ave., Springfield, Illinois 62717. Correspondence regarding 
subscriptions, advertisements and other business should be addressed to the Publisher. 
Annual subscription prices: United States and U. S. Possessions $30.00, Pan America, Canada 
and others $35.00. Printed by the George Banta Co., Menasha, Wisconsin. Copyright 


© 1976 by American Roentgen Ray Society. Second-class postage paid at Springfield, 


Illinois and at additional mailing offices. Printed in U.S.A. 


GUIDELINES FOR AUTHORS 


The AMERICAN JOURNAL OF ROENTGENOLOGY 
publishes original and timely contributions to the 
advancement of radiologic diagnosis and treatment. 
Although the content is predominantly clinical in 
origin, laboratory investigations are accepted when 
their relevance to clinical practice is demonstrable. 
Contributions are reviewed by two outside con- 
sultants and are accepted on condition that they 
are submitted only to this Journal and that they 
will not be reprinted or translated without consent 
of the Editor. Statements within an article are the 
responsibility of the authors and not the Journal 
or its publisher. 

Address all manuscripts and correspondence to 
the Editor, Dr. Melvin M. Figley, 403 Pacific 
National Bank Building, 4545 15th Avenue N.E., 
Seattle, Washington 98105. 


Manuscript Form 


Manuscripts should be typed double-spaced 
throughout, including references, tables, and foot- 
notes. Tables, footnotes, and figure legends should 
be on separate sheets, and a separate title page 
should be provided. In addition to the original type- 
written copy, a duplicate copy complete with fig- 
ures, tables, and references is required. 

Figures should be submitted as §”X7” glossy 
prints, untrimmed and unmounted. Identifying in- 
formation (author name, figure number, and indica- 
tion of the top of the figure) should be attached to 
the back of each figure with a gummed label. Line 
illustrations and graphs should be drawn in black 
ink on white background. Labels on all figures 
should be of professional quality and sufficiently 
large to be easily read when reduced in size. 

References should be cited in the text by number 
(e.g., [3, 4]). The bibliography should be arranged 
in the numerical order that references are cited in 
the text and typed double-spaced throughout. Data 
for each reference should be arranged according to 
the uniform style on bibliographic citations adopted 
by many biomedical journals. Abbreviations for 
titles of medical periodicals should conform to those 
published in Index Medicus. Examples: 


1. Miller RE, Chernish SM, Skulas J, Rosenak BD, 
Rodda BE: Hypotonic roentgenography with 
glucagon. 4m F Roentgenol 121:264-274, 1974 

2. Boijsen E: Superior mesenteric angiography, in 
Angiography, edited by Abrams H, Boston, 
Little, Brown, 1971, pp 1091-1119 


Organization 


Title page. Titles should be brief and specific. 


Include full names and addresses of all authors and 
acknowledgment of grant support when appropriate. 

Abstract. A description of the purpose, methods, 
results, and conclusions of the study is required. It 
should be informative to a reader who has not read 
the text of the article. 

Key indexing words. Five to 10 words or short 
phrases should be supplied to enable cross-indexing 
of the article. 

Introduction. Clearly state the purpose of the in- 
vestigation including necessary background facts. 

Materials and methods. Describe the protocol 
clearly so that an experienced worker can under- 
stand what was done. Use standard abbreviations 
as presented in the Council of Biology Editors Style 
Manual, 3d edition. 

Results. Present results in logical sequence. 

Discussion. Interpret the results to lend meaning 
and importance to the observations. If hypotheses 
and speculation are included, they must be labeled 
as such. When results differ from those of previous 
investigators, an attempt should be made to explain 
the discrepancy. 

References. Only include those references which 
provide adequate background and present fairly any 
opposing evidence and concepts. Accuracy of refer- 
ence data is the responsibility of the author. 

Legends. Legends should be brief but should pro- 
vide sufficient description to interpret the figure. 


Special Communications 


Case Reports. Concise case reports are accepted if 
they present unusual experiences that are medically 
important and educational. Clarity and brevity are 
essential. 

Technical notes. Brief descriptions of new tech- 
niques or significant modifications of older ones 
which are directly applicable to clinical practice 
will be accepted. 

Letters to the Editor. Letters should be limited to 
between 250 and 500 words. Criticism of published 
articles should be objective and constructive. Let- 
ters may also discuss matters of general interest to 
radiologists. 


Proofs and Reprints 


Copy-edited manuscripts are sent to the author 
for checking prior to typesetting. Galley proofs will 
be sent for correction of typographical errors only. 
The corrected proof, copy-edited manuscript, and 
the reprint order should be returned directly to the 
Editor. If the author fails to return proof by the 
date specified, it may be necessary to publish with- 
out the author’s approval. 


Ciean bowel means clear picture. X-PREP Liquid 
is designed specifically for preradiographic bowel cleansing — 
without enemas, suppositories, or overhydration. 


Good-to-excellent visualization is usually obtained 
with a single, simple dose.* No residual oil droplets 
(as is often the case with castor oil) obscure the picture. 


Pleasant taste of X-PREP Liquid meets with high patient 
acceptance.* Simplicity and ease of administration 
are appreciated by the patient at home, by 


the nursing staff at the hospital. 
*References available on request. 


One step -One dose -One bottle 


-PREP Liqui 


standardized extract of senna fr 


o prep the bowel for radiograph 


Gray Pharmaceutical Co., Affiliate 
The Purdue Frederick Company 


by RIGHT 1971, GRAY PHARMACEUTICAL CO./NORWALK, CONN, 968956 86374 124473 
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in 54 is that... 


e it has the lowest possible inertia — therefore it can be accelerated 
and decelerated fast in the machine to give adequate exposure 
times at all exposure rates, and the changer does not cause disturb- 
ing vibrations when it runs; 

è it gives excellent detail without vacuum procedures; 

e the handling is so simple: just load the unexposed films in the load- 
ing bin and pick up the exposed films in the receiver; 

e it allows you to take any number of single films without wasting 
any film; 

è it allows preliminary evaluation of the examination without delay 
by having just a few films processed immediately; 

e it allows alternate exposures in biplane operation — for a minimum 
of scatter — without any film waste; 

è unlike rollfilm (cut or uncut) it is initially flat, so it runs smoothly 
through the processor; 

e the viewing and filing is so convenient. 


CONVENIENT 
ECONOMICAL 
DEPENDABLE 

AOT-R max. 6 exp./sec. PUCK max. 3 exp./sec. 

Universal filmchanger Punch card controlled filmchanger 

for all angiographic with see-through options; also 

examinations useful to replace cassettes in 

conventional radiography 


699 LIVELY BOULEVARD s ELK GROVE VILLAGE, ILL. 60007 s (312) 593-6770 





Minimize prep (filament 
boost) time 
Con 
and ano 


sult rapid sequence charts 
de cooling urve 


Observe exposure ratings 


follow the warm up procedure 
Cool the housing properly 


Do not run the anode unnecessarily 


It’s 
locity from Machiett! 
1063 Hope anor rajang Taca porated 


SICULO mae 
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203) aeri S A 


A Raytheon Company 








WHAT'S 
NOW 
SQUIBB? 


On the current nuclear medicine scene 





MINITEC® (Technetium 99m) Generator 


The Technetium 99m Generator using fission product molybdenum to produce 
technetium 99m. MINITEC is unlike any generator you've ever used—made 
Small to make sense. 





Designed for easy handling 


e MINITEC has its own handle for easy lifting, easy carrying and reduced 
hand exposure 


e Weighs only 24% Ibs., less than 5" in diameter, under 8%" high 


Designed for easy elution 
eSets up in seconds 
e Elutes in only 3 minutes after eluent vial has emptied 


Designed for safety 
e No exposed tubing when eluting 
e 1%" lead surrounds the MINITEC column 


e 1%" of extra lead protection from MAXI-SHIELD™. Base, cap and interlocking 
half rings easily assembled on site... only the cap Is removed for elution. 
(You get MAXI-SHIELD free with your first MINITEC Generator purchase.) 


Designed for convenience 


e MINITEC Generator is available in 50,100, 200, 300, 400 and 500 mCi 
potencies. Delivery on Monday AM (precalibrated through Thursday) and 
Wednesday (precalibrated through Monday) provides maximum versatility 
to satisfy technetium requirements of your lab’s work load. 


©1975 E. R. Squibb & Sons, Inc. H605-021 





For illustration 
purposes only. 

See brief summary for 
indications for 
technetium 99m. 









Minitec” 
(Technetium 99m) 
Generator 


Minitec® (Technetium 99m) Generator provides a 
means of obtaining a sterile, non-pyrogenic supply 
of technetium 99m (*"Tc) as sodium pertechnetate 
50. 

Indications: Sodium pertechnetate”’Tc is indicated 
for brain imaging, thyroid imaging, Salivary gland 
imaging, blood pool imaging, and placenta local- 
ization. 


Contraindications: At present, there are no known 
contraindications to the use of sodium pertechne- 
tate “Te, 


Warnings: Radiopharmaceuticals should be used 
only by physicians who are qualified by specific 
training in the safe use and safe handling of radio- 
nuclides, produced by nuclear reactor or cyclotron, 
and whose experience and training have been ap- 
proved by the appropriate federal or state agency 
authorized to license the use of radionuclides. 

This radiopharmaceutical should not be admin- 
istered to women who are pregnant or who may 
become pregnant or during lactation unless the in- 
formation to be obtained outweighs the possible 
potentialrisks fromthe radiation exposure involved. 
Ideally, examinations using radiopharmaceuticals, 
especially those elective in nature, of a woman of 
childbearing capability should be performed during 
the first few (approximately 10) days following the 
onset of menses. 

Since radioactive pertechnetate is secreted in 
milk during lactation, formula-feedings should be 
substituted for breast-feedings. 


Important: Since material obtained from the gen- 
erator may be intended for intravenous adminis- 
tration, aseptic technique must be strictly observed 
in all handling. Only the eluent provided should be 
used to elute the generator. Do not administer ma- 
terial eluted from the generator if there is any 
evidence of foreign matter. 


Precautions: As in the use of any other radioactive 
material, care should be taken to insure minimum 
radiation exposure to the patient consistent with 
proper patient management and to insure minimum 
radiation exposure to occupational workers. 

At the time of administration, the solution should 
be crystal clear. 


Adverse Reactions: At present, adverse reactions 
have not been reported following the use of sodium 
pertechnetate "Tc. 

For complete prescribing information, consult 
package insert. 


How Supplied: Minitec (Technetium 99m) Gen- 
erator is available in potencies of 50, 100, 200, 
300, 400, and 500 mCi. Supplied with the generator 
are vials of eluent containing 5 ml. of a sterile, 
non-pyrogenic solution of 0.9% sodium chloride in 
water for injection. Also supplied is suitable equip- 
ment for eluting, collecting, and assayinc the 
technetium 99m. 


Medotopes® 
® 


» wy SQUIBB HOSPITAL ovsin 
E. R Squibb & Sons, Inc. 


Princeton, N.J. 08540 





UN’ 


SILVER 


IS OUR ONLY BUSINESS 


(and has been since 1937) 


IF YOU PROCESS... 
X-RAY FILM 


OUR TOTAL SILVER 
RECOVERY SERVICE 


MEANS MONEY 
TO YOUR 
DEPARTMENT. 


We Purchase 


* Outdated or damaged 
unexposed x-ray film 


* Exposed x-ray film 


* Silver chip, flake 
and sludge 
Write or call for full information 
CALL TOLL FREE 
(800) 323-4503 


Ill residents call (312) 473-4800 


McELROY 


INTEGRITY LEADERSHIP 


INC. 


A subsidiary of AgMet, Inc 
2730 Commonwealth 
North Chicago, Illinois 60064 


























utomated ~"Tc Unit-Dose Delivery System 


Systematically safer. 





Organ-specific agents for optimum imaging of 
brain, kidney, bone and lung, and for glomeru- 
lar filtration rate studi@s, are provided in kits 
containing 10 unit-dose vials. Each kit is single 
step, requiring only addition of technetium to 
produce the scanning agent. 





Preselected amount of 9°™Tc activity is auto- 
matically dispensed into vial, then diluted with 
saline to 1.3 ml. Entire dispense/dilute cycle is 
automatic and shielded, and is completed 
within 75 seconds. 





Unit-dose vial is entered only once for tech- 
netium delivery, once for agent withdrawal. 
Shielded syringe assembly automatically cen- 
ters disposable syringe with vial. A 1.0-ml pa- 
tient injection is reproducibly withdrawn into 
syringe. 





Dispenser fully automates isotope measure- 
ment, reagent transfer and dose calibration. 
Eliminates time-consuming manual steps, com- 
putations and potential radiation exposure. 


UNION 
CARBIDE 





Lintithem ~ 


The CINTICHEM System, a total unit- 
dose *°"Tc delivery system... 

O Simplifies radionuclide delivery 

C Improves dosage accuracy and 
reproducibility 

O Reduces radiation burden 

O Permits precise, contaminant-free 
administration of agents 

O Reduces labor and cost per test 

O Simplifies record keeping and 

calculations ° 

The CINTICHEM System includes: an 
automated technetium dispenser, a 
high-yield molybdenum 98/technetium 
99m generator, organ-specific kits and 
a unique unit-dose shielded syringe 
assembly. All integrated for the prep- 
aration of sterile, pyrogen-free radio- 
diagnostic agents— precisely, reliably 
and with greatly reduced radiation 
burden to the user. 

The CinTI\CHEM Dispenser automati- 
Cally delivers a preselected amount of 
"To activity (TcO;z in saline) into a 
single-use unit-dose vial. Vial contents 


POWER 





are transferred to a disposable syringe 
via a shielded syringe assembly that 
permits reproducible withdrawal of a 
1.0-ml patient dose. 

The CiNTICHEM Generator is an opti- 
mized, advanced-technology "Tc 
generator. It offers exceptionally high 
yields and is available in 500-, 1,000-, 
1,500- and 2,000-mCi sizes. (Sodium 
pertechnetate °°"Tc in isotonic saline.) 

A series of organ-specific CINTICHEM 
Agents incorporates optimum current 
formulations for organ specificity. Each 
kit contains 10 unit-dose vials. (Kits 
containing five multidose vials are also 
available.) Each kit is single step. Re- 
quires only the addition of technetium 
to produce the imaging agent. And the 
CINTICHEM Dispenser performs this 
step automatically. 

Kits Currently available include: DTPA 
(diethylene triamine pentaacetic acid 
[calcium trisodium salt]). For brain and 
kidney imaging, and glomerular filtra- 
tion rate (GFR) studies. Unit dose con- 








tains 3.3 mg CaNa, DTPA, 0.17 mg 
SNClo-2H20, pH adjusted to 4 with HCI. 
HEDSPA (1-hydroxy-ethylidene-1,1 di- 
sodium phosphonate). For bone imag- 
ing. Unit dose contains 0.75 mg 
HEDSPA, 0.08 mg stannous ion as tar- 
trate, DH adjusted to 4 with HCI. MAA 
(macroaggregated albumin). For lung 
perfusion studies. Unit dose contains 
0.11 mg MAA (0.3-1.3 x 108 particles), 
0.09 mg stannous tartrate, isotonic 
saline. HCI and NaOH may be present 
for DH adjustment. Additiona! radio- 
pharmaceuticals will also be offered. 

Let us send detailed data on the 
CINTICHEM System. Simply return the 
Coupon and we'll come back with a 
glimpse into the future, 


CintiChem 


Systematically safer. 





- Union Carbide Corporation 

- Clinical Diagnostics 

- 401 Theodore Fremd Avenue 
- Rye, New York 10580 


‘ O Send brochure on the 
CINTICHEM System. 

: O Have field representative call : 
for an appointment. 


` Name 

z (Please prin’) 

: Title i 
s Institution 

: Address 


. City State Zio ; 
. Telephone : 


(Area code and number) 
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Ed- 
Cobalt 60 is still 


an important part 
of AECL’s business 


— But there Is 
MUCH MORE! 


Like the Therac Series — a totally new line of linear accelerators 
with energy output from 6 to 40 MeV. 








D 


Like the Therasim 750 Universal Simulator — AECL pioneered the Like the T.P. 11 treatment planning system — a sophisticated blend 
design of therapy simulators for use with all makes of of computerization and electronics which adds a new dimension 
accelerators, betatrons and Cobalt 60 units. ea TG in the preparation of reliable therapy treatment planning. 


| Like the Cobalt 60 Units — AECL 

built the world’s first commercial 
1 ~~ Cobalt 60 teletherapy machine — Like medical isotopes — AECL has provided 
Like the Gammacell 40 Biological Research VONG now AECL’s units serve mankind thousands of cobalt therapy sources, nearly 
irradiator — Hundreds of AECL research <~ in over 70 countries. 10,000,000 curies of medical cobalt and millions 
irradiators are in daily use around the world. _ of curies of isotopes for diagnostic and treatment use. 


Josean -r 


. Atomic Energy 
of Canada Limited 
Commercial Products 


P.O. Box 6300, Ottawa, Canada. 
K2A 3W3. Tel. 613/592-2790 
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Like the JS 6500 — one of a series of AECL’s production line gamma 


ra of diagnostic advancement. 
istead of being imitedtoa 
mgle imaging method you will 
ike advantage Gi many 
chniques, choesing them to 
eet yourspecifes diagnostic 

nterta and the Gendition o 


Our patient 


earle is helping shape this era 
advancement. Over the past 
ecade, guided by yourneeds 
ve have developed sophisti 
ated nuclear imaging instru 

erts to a high degree of per 
rmance. Now, the knowledge 
jained during that time is being 
ipphed to the creation of in 
tumentation in the fields of 


Itrasound and CI scanning 


Vhat Searle developed yester 
lay n nuclear imaging, the 
edical communaty relies on 
day. Andtoday we are plan 
Ingsigniticant advances in 
ltrasonic, CT, ama nuclearim 


ging. Tomorrow IS in view 


SEARLE 


MAENE 


The Living Art 





STILL! the simplest, 
quickest to prepare 
lung imaging agent 
available. 












...and here’s why 


Simple, two-step procedure. Not an ampul, 
not a frozen material. No waiting, no complicated Squibb 





1. Add 1-3 ml. of 99mTc** 2. Shake vigorously for 


procedures or specialized equipment required. Macrotec® = racer gga cat 10-15 seconds. 
’ Aggregated Albumin a . 
ray two os steps and you're ready to assay (Human) 
and inject. nae na 
Mallinckrodt 1. Remove reaction vial from 2. Add 99mTc** Maintain 
Uniform particle size, excellent labeling TechneScan™ MAA  ^eezr and wait approxi shielding at all times. 
efficiency. Particle size meets or exceeds Bureau Aggregated Albumin eee aa 
of Biologics standards; 90% in 5-60 micron range. Umam temperature. 
Excellent labeling efficiency when reconstituted 3M 1. Add 4-10 ml. of 99mTc** 2. Shield completely and 
with a compatible technetium 99m. Albumin ee 
Won’t eee in the vial, loses virtually  Microspneres 
°C.and p 
hs labeling for 8 hours(if stored between 2°C. a Medi+Physics 1. Shake ampul vigorouslyto = 2.Open ampul. 
8°C.). Lungaggregate’” suspend particles. 


ideal for the busy lab. Recommended amount Reagent | 
of 99mTc for reconstitution high enough to allow Aggregated Albumin 


iman) 


-MACROTEC ‘(Aggregated Albumin [Human]) 


‘Macrotec (Aggregated Albumin [Human]) is a sterile, non-pyrogenic, lyophilized 
preparation of aggregated albumin. Each vial of the preparation contains 0.08 mg. 
tin as chloride, 15 -mg denatured human serum albumin, and 10 mg. Normal 

‘Serum Albumin (Human). 


INDICATIONS: For use in perfusion lung imaging as an adjunct to other diagnos- 
tic procedures. 


CONTRAINDICATIONS: At present there are no known contraindications to the 
use of this product. 


WARNINGS: Radicpharmaceuticals should not be administered to patients who 
are pregnant, or dusing lactation, unless the benefits to be gained outweigh the 
potential hazards. 
Ideally, examinations using radiopharmaceuticals, especially those 
elestive in nature, of a woman of childbearing Capability, should 
te performed during the first few (approximately 10) days 
=> following the onset of menses 
SP, Since ®"Te is excreted in milk during lactation, formula- 
R feedings should be substituted for breast-feedings. 
Radiopharmaceuticals should be used only by physi- 
cians who are qualified by specific training in the 
safe use and handling of radionuclides pro- 








duced by nuclear reactor or particle accelerator and whose experience and train- 
ing have been approved by the appropriate government agency authorized to 
license the use of radionuclides. 

Note: Macrotec {Aggregated Albumin ([Human]) is not radioactive. However. 
after ®Tc is added, adequate shielding of the resultant preparation should be 
maintained. 


PRECAUTIONS: In the use of any radioactive material, care should be taken to 
insure minimum radiation exposure to the patient consistent with proper patient 
management, and to insure minimum radiation exposure to occupational workers 
Aseptic technique is essential in the preparation of Technetated (Tc-99m) 
Aggregated Albumin (Human). 
ADVERSE REACTIONS: At present, adverse reactions have not been reported 
following the administration of this product 
For full prescribing information, consult package insert 


HOW SUPPLIED: In boxes of 5 vials 





Unlike many companies involved in nuclear medicine, Squibb is also a broad 
line pharmaceutical house...and has been for over a century. So when it comes to 
formulation and quality control procedures, we wrote the book. Consider that 


before you purchase any radiopharmaceutical. At Squibb, quality is a way of life. 
RN SSS 











FN SQUIBB HOSPITAL omsion 
i E. R. Squibb & Sons, Inc. 
Princeton, N.J. 08540 
©1976 ER. Squibb & Sons. Inc H606-504 
** Recommended maximum 
activity: 50 mCi. 
3. Gently agitate vial forfew 4. Allow to stand for 15 5. Visually inspect vial for 6. Agitate to effect **Recommended maximum 
seconds. minutes atroom temperature. presenceoflarge aggregates. © homogenous epee of activity: 60 mCi 
/f present, do not use. the aggregated albumin. 
3. Remove vial from shield (with forceps) and place in center of **Recommended maximum 
operating witrasonic ath containing 3/4" of water. Bath should activity: 30 mCi. 
be protected by /eaa'a/ass or bricks. 
Ultrasound for 5 minutes. 
3. Withdraw (very slowiy) 4. Inject (very slowly) syringe 5. Wrap mixing vial in absorbent ©. Add 0.5-2.0 ml. of 99mtTc** 7. Shake contents vigorously  **Recommended maximum 
` 1.5-2.0 ml. of aggregate contents into mixing vial. paper disc and place in lead in saline into shielded mixing just before removing aliquot activity: 25 mCi/ml. 
from ampul with syringe. shield. vial. Shake vigorously for at intended for patient use. 


least 30 seconds. /ncubate at 
room temperature for 2-5 minutes. 
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r CT5005 can resolve picture 


elements as small as 0.75 mm x 0.75 mm. 


PICTURE TAKEN DURING 
A SINGLE SCAN 





The EMI CT5005 head and body scanner provides 


CT Scans, 
cranium 
to calcaneus 








Like its companion system—the EMI CT 1010 Neuro 
C.T. Scanner—our new EMl-Scanner CT5005 


Advanced General Diagnostic C.T. 
System is based on fully proven tech- 
nology that has established EMI as 
the unrivaled world leaderin comput- 
erized tomographic scanning. This 
new head and body scanning system 
combines the capability for excep- 
tional resolution, definition and ac- 
curacy in the pictures produced, a 
very fast scanning cycle, unusually 
powerful computing capability and 
other advanced features that con- 


First in CT 
system 
engineering 


EMI EDIE Il 





tribute to ease-of-operation and efficient patient 
handling. The CT5005 General Diagnostic System 


can be tailored by selection of the 
appropriate choice of peripherals 
and software packages to meet spe- 
cific clinical needs. Obviously, for 
the radiologist and referring physi- 
cian alike, the quality of the scan 
picture itself is the final proof of any 
CT system's performance. The EMI- 
Scanner System has met this test 
in hundreds of institutions. It is the 
world’s only fully proven scanner sys- 
tem. For information, call us or write. 


=P} DIAGNOSTIC 
VIEWING CONSOLE 
=p] ASSOCIATED 
PROCESSOR/SOFTWARP 
PACKAGES 
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Scan taken through the 1st lumbar vertebra. Note the liver, spleen, kidneys, aorta, 
superior mesenteric artery, stomach, pancreas, inferior vena cava, and right renal vein. 


6-217 


Superior diagnostic information in every EMI-SCAN: 





A bright 





window 


The picture you see above is a reproduction of an 
EMI-SCAN. The EMl-Scanner CT5005 Advanced 


General Diagnostic C.T. System 
(cranium anc body scanner) results 
in pictures cemposed of more than 
300,000 X-ray readings. The CT5005 
differentiates between tissue densi- 
ties that can vary by as little as one 
unit in 2000. In addition to resolving 
picture elements 0.75 mm x 0.75 mm 
in area, the EMlI-Scanner CT5005 
high-resolution option provides a 
special clinician’s Diagnostic View- 
ing Console that enables any section 





at LJ 





First in CT 
imaging, 
worldwide 


of the total scan picture to be enlarged four times. 
This special viewing facility may be operated com- 


pletely independently of “he in-use 
status of the main installation—either 
at the scanner site or a remote loca- 
tion. Additional diagnostc display 
and data processing options are pro- 
vided to meet specific clinical needs. 
The EMI-Scanner is unexcelled in 
accuracy, resolution, and c inical ver- 
satility. It is unrivaled in clinical ac- 
ceptance and use, wor!dwde. There 
is no brighter diagnostic window. For 
more information, call us or write. 


3605 Woodhead Drive, Northbrook, Illinois 60062 Telephone: (312) 564-2000 





We want to make 


gall bladder studies - 
more convenient. 


For you. For your patients. 





Oragrafin 
Calcium Granules 


lpodate Calcium for Oral Suspension U.S.P 


Oragrafin 


Sodium Capsules 
Ipodate Sodium Capsules U.S.P 


the 
reason 
is clear™ 
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Diagnostically adequate filling of the gallbladder often 
takes place within 5 hours or less after ingestion of 
granules, thereby permitting same-day examinations. 

In routine overnight procedures, opacification Is 
attained 10 hours after ingestion of capsules. 


Choice of dose forms 


Granules or capsules — Rapid absorption of both cal- 
cium salt and sodium salt often permits visualization 
of even poorly functioning gallbladders. 


Prepared or unprepared patients 


Both salts have been administered to unprepared 
patients as well as previously prepared patierts, with 
no significant difference in results. 


Please see following pag2 
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ORAGRAFIN® CALCIUM GRANULES 
|podate Calcium for Oral Suspension U.S.P. 


ORAGRAFIN® SODIUM CAPSULES 
lpodate Sodium Capsules U.S.P. 


CONTRAINDICATIONS: Both preparations are contraindi- 
cated in patients who are hypersensitive to ipodate salts. 


WARNINGS: A history of sensitivity to iodine per se or to other 
iodinated compounds is not an absolute contraindication to the 
use of these preparations, but calls for extreme caution in 
administration. 


Usage in Pregnancy: The safety of these preparations for use 
during pregnancy has not been established; therefore, they 
should be used in pregnant patients only when, in tne judgment 
of the physician, their use is deemed essential to the welfare of 
the patient. 


PRECAUTIONS: Increasing the dosage above that recom- 
mended increases the possibility of hypotension. Anuria may 
result when these preparations are administered to patients 
with combined renal and hepatic disease or severe renal im- 
pairment. Renal toxicity has been reported in a few patients 
with liver dysfunction who were given oral cholecystographic 
agents followed by urographic agents. Administration of uro- 
graphic agents should therefore be postponed in any patient 
with a known or suspected hepatic or biliary disorder who has 
recently taken a cholecystographic contrast agent. Gastroin- 
testinal disorders which interfere with absorption and liver dis- 
orders which interfere with excretion may result in nonvisualiza- 
tion of the hepatic and biliary ducts and the gallbladder. Con- 
trast agents may interfere with some chemical determinations 
made on urine specimens; therefore, urine should de collected 
before administration of the contrast media or two or more days 
afterwards. Thyroid function tests, if indicated, should be per- 
formed prior to the administration of these preparations since 
iodine-containing contrast agents may alter the results of these 
tests. 

ADVERSE REACTIONS: Mild and transient nausea, vomiting, 
or diarrhea sometimes occur; the incidence can be reduced by 
using the calcium granules and restricting the dosage to 3g. in 
persons prone to gastrointestinal reactions. Transient 
headache, dysuria, or abdominal pains may occur. 

Hypersensitivity reactions may include urticaria, serum 
sickness-like reactions (fever, rash, arthralgia), other skin 
rashes, and rarely anaphylactoid shock.They are more likely to 
occur in persons with a history of allergy, asthma, hay fever, or 
urticaria and in those who are known to be hypersensitive to 
iodine compounds. 

Note Concerning Dosage: A total dose of 6g. (12 capsules 
or 2 packets of Granules) per 24-hour period should not be 
exceeded. 

For full information, see Package Insert. 

HOW SUPPLIED: Oragrafin Calcium Granules (Ipodate Cal- 
cium for Oral Suspension U.S.P.) provide 3 g. ipodate calcium 
per packet; available in boxes of 25 single-dose foil packets. 
Oragrafin Sodium Capsules (lpodate Sodium Capsules U.S.P.) 
provide 0.5 g. ipodate sodium per capsule; available in boxes 
of 25 vials (each vial contains 6 capsules), in bottles of 100, and 
in Unimatic® packages of 100. 
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the reason 
is clear™ 


SQUIBB HOSPITAL omsion 


E. R. Squibb & Sons, Inc. 
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CHARLES C THOMAS + PUBLISHER 


THE RENAL UPTAKE OF RADIOACTIVE 
MERCURY (197HgC1): Method for Testing the 
Functional Value of Each Kidney, Technique— 
Results— and Clinical Application in Urology and 
Nephrology edited by Claude Raynaud, Service 
Hospitalier Frederic Joliot, Orsay, France. Fore- 
word by Pierre Royer. (41 Contributors) Several 
techniques of uptake measurement are described 
in the first chapters of this text along with 
simplified systems of external counting, scanners 
Or gamma cameras, and specific problems asso- 
ciated with the deep position of the kidney or Hg 
metabolism. The remainder of the book discusses 
the normal values of Hg renal uptake as well as 
the results obtained in patients. ’76, 248 pp., 110 
il., 47 tables, $22.75 





THE HAND ATLAS by Moulton K. Johnson and 
Myles J. Cohen, both of UCLA, Los Angeles, 
California. This atlas portrays the anatomy of the 
hand as the surgeon will encounter it in the 
operating room — layer by layer, beginning with 
the skin and ending with x-ray studies of the 
bones. Photographs of dissections of unem- 
balmed specimens are all approximately life-size 
or larger, resulting in better illustrations. Topics 
include the distal volar forearm, the palm, 
thumb, fingers, the radial side of the hand, spaces 
of the hand and wrist mechanics. ’75, 108 pp. (8 
1/2 x 11), 121 il. (8 in color), $22.00 


RADIONUCLIDE SCANNING IN CYANOTIC 
HEART DISEASE by Gary F. Gates, UCLA, Los 
Angeles. A new, unique application of nuclear 
medicine in the clinical management of children 
with cyanotic congenital heart disease is de- 
scribed in this monograph. The procedure is fully 
described and steps used in performing the 
examination are thoroughly outlined. Possible 
pitfalls and sources of error are also discussed. 
The calculation of results does not require 
sophisticated mathematics or complicated com- 
puter analysis. Accuracy is assured by correlation 
with surgery or cardiac catheterization. Although 
this procedure has usefulness in many pediatric 
cardiopulmonary disorders, its application to the 
surgical patient is unique. ’74, 114 pp., 88 il, 5 
tables, $15.00 
Prepaid orders sent postpaid, on approval 


301-327 EAST LAWRENCE 


SPRINGFIELD - ILLINOIS + 62717 
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How You Can incorporate 


the Latest Ultrasonic Techniqu 
into Your Practice.... 


carefully explained in a 
new reference 
from Mosby 


A New Book! 
CARDIAC ULTRASOUND 


This superb new book offers you a complete discussion of cardiac ultra- 
sound, from basic physical principles to specific applications of the 
newest techniques. Internationally-recognized authorities discuss record- 
ing methods, structure identification, specific heart valves, chamber and 
great vessel size, pericardial effusion, congenital heart disease, and much 
more. You'll find precise information on acquisition and interpretation 
of patient examination data and on factors affecting the accuracy of 
measurements. An enlightening section describes new and emerging 
techniques, including methods for two-dimensional cardiac imaging: ECG 
gated B-scanning, multi-element arrays, acoustic holography, computer 


based reconstruction, and more. 


Edited by Raymond Gramiak, M.D. and Robert C. Waag, Ph.D.; with 18 contrib- 
utors. November, 1975. 308 pages plus FM I-XIV, 7” x 10”, 465 illustrations. 
Price, $36.50. 


Also of interest... 
A New Book! 


RADIOTHERAPY IN MODERN 
CLINICAL PRACTICE 


This new volume examines the most recent advances in the treatment of 
malignant disease by irradiation. Dr. H. F. Hope-Stone and 10 contrib- 
utors provide you with detailed information on the principles and prac- 
tice of radiotherapy. The authors discuss methods and degree of radia- 
tian; diagnostic and therapeutic usage; protection of patient and 


operator; and patient positioning. MoS BY 


By Dr. H. F. Hope-Stone, L.R.C.P., M.R.C.S., M.B.B.S., D.M.R.T., F.F.R. April, 
1976. 368 pages plus FM l-X, 6” X 9”, 139 illustrations. Price, $24.50. TIMES MIRROR 
THE C V MOSBY COMPANY 
11830 WESTLINE INDUSTRIAL DR VE 
ST LOUIS MISSOURI 63141 


The safe and certain 
barium additive 


Helps you 
be sure of 
what you see 





Clysodrast is a unique colonic evacuant. It mixes with 
barium enemas to give radiologists the only form of tannic 
acid* available for safe, high-resolution barium enema 
studies. And a growing body of experimental evidence has 
shown the diagnostic benefits of Clysodrast added to a 
barium suspension.':2:3 This combination provides 
unmatched mucosal visualization for superior 
roentgenologic diagnoses. 


SAFETY YOU CAN COUNT ON 

Only tannic acid really prepares the colon and produces 
the even, thin-film deposition of barium sulfate that a 
radiologist needs for maximum clarity. Clysodrast combines 
tannic acid with the contact laxative bisacodyl, for optimum 
effectiveness. And Clysodrast comes in accurately measured, 
2.5 Gm. packets to avoid the danger of accidental overdose. 
With Clysodrast, results are consistently safe and uniform, 
too. No patient has ever suffered hepatic necrosis as a 
result of Clysodrast being used within the dosage limits 
indicated in the instructions.+58 And it has been used in 

well over 2 million barium enema procedures since 1970 
alone, usually with no more side effects than a water enema 
produces.’ 8 


Clysodrast is recommended for double contrast studies 

with an appropriate form of barium sulfate, such as Barotrast*® 
It is also indicated for the preparation of patients for radio- 
logic examinations of the colon, sigmoidoscopy and 
proctologic examinations, when used as directed. 


USE CLYSODRAST, FOR SURE 

Clysodrast provides radiologists with the assurance of high 
resolution barium studies no other product can provide. Find 
out for yourself how Clysodrast can help you see for sure. 
Contact your local X-ray supplies dealer. 


(BISACODYL TANNEX) 





See summary of prescribing information on adjoining page. 


"Bis 


Clysodrast 


Also see your X-ray supplies dealer for Oratrast; Barotrast’ and Esophotrast: 


INDICATIONS: CLYSODRAST (bisacodyl tannex) may be 
indicated for the preparation of patients for radiologic examina- 
tims of the colon, sigmoidoscopy and proctologic examinations. 


CONTRAINDICATIONS: CLYSODRAST is contraindicated in 
pzients under the age of 10 because the possibility of absorp- 
tim of tannic acid has not been adequately studied in this age 
group to warrant a conclusion of safety. CLYSODRAST is also 
ccntraindicated in cases with known or suspected extensive 
ul erative lesions of the colon. 


WARNING: Usage in Pregnancy. Safe use of CLYSODRAST has 
nc been established with respect to the adverse effects upon 
feal development. Therefore, it should not be used in women 
ofthild-bearing potential, particularly during early pregnancy, 
except where, in the judgment of the physician, the potential 
benefits outweigh the possjple hazards. 


PRECAUTIONS: Tannic acid, one of the active ingredients of 
CleY¥SODRAST, is hepatotoxic if absorbed in sufficient quantity. 
Deaths have been reported from hepatic damage due to tannic 
aad used in barium enema examination. Thus. CLYSODRAST 
sf uld be used with caution in a regimen where multiple 
ermas are administered. Certain patients, because of age, 
deaility, or underlying disease, require more gentle preparation 
than the routine castor oil and CLYSODRAST preparation. It is 
in-Dortant that the instructions for preparation and administration 
be followed in detail, and that the recommended dosages not 
be exceeded. 

ABVERSE REACTIONS: The following adverse reactions have 
be=n reported: Cramping, weakness, nausea and fainting. 


D@SAGE AND ADMINISTRATION: It is important that the 

er ire medical history and condition of the patient be considered 
in deciding the dosage regimen. Traumatizing procedures, such 
aswepetition of enemas (with or without CLYSODRAST) should 
be kept at the minimum necessary to achieve the desired result. 


CHEANSING ENEMA: Prepare the cleansing enema by dissolv- 
ine the contents of one packet (2.5 Gm.) of CLYSODRAST in 
or= liter of lukewarm water and administer. 


BARIUM ENEMA: Prepare the barium enema by dissolving 
the contents of one or not more than two packets (2.5 Gm. or 
5.€ Gm.) of CLYSODRAST in one liter of barium suspension. 

lf more than one liter of barium suspension is prepared, it is 
imm@ortant that the concentration of CLYSODRAST (bisacodyl| 
tarmex) never exceed 0.5 percent (2 packets per liter). 

“he total dosage of CLYSODRAST for any one complete 
comnic examination, including the cleansing enema, should not 
ex-eed 7.5 Gm. (3 packets). No more than 10 Gm. (4 packets) 
of “LYSODRAST should be administered to any individual within 
a 22-hour period. 

HCW SUPPLIED: CLYSODRAST is supplied in packets con- 
taling 1.5 mg. of 4,4’—(diacetoxydiphenyl) —(pyridyl-2)— 
mehane coinplexed with 2.5 Gm. of tannic acid, N.F. These 
packets are supplied in cartons of 25 and 50 packets. 
CAUTION: U.S. Federal law prohibits dispensing without 
prescription. 
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Barnes-Hind Pharmaceuticals, Inc. 
Sunnyvale, California 94086 
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Hanley Space Saver X-Ray and Medical Record Cabinets 
are installed in most hospitals in America. 


Top quality and low price is the reason. 
5 compartment with doors—$199.50 
5 compartment less doors—$171.50 
Brochure F.O.B. Factory 


AMERICA'S LARGEST DISTRIBUTOR OF X-RAY CABINETS 


HANLEY MEDICAL EQUIPMENT CO. 
5614 South Grand X-Ray Division St. Louis, Mo. 6311! 
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The Department of Radiology of 
the University of Minnesota will 
present its Thirty-Ninth Annual 
Continuing Medical Education 
Course, September 13-17, 1976. 


The two major topical areas will 
be: 


Cardiovascular Radiology— 
21⁄2 days 


Selected Topics in Diagnostic 
Radiology—2' days 


For further information contact: 


Continuing Medical Education 
Box 293 

Mayo Memorial Building 

412 Union Street S.E. 
University of Minnesota 
Minneapolis, Minnesota 55455 
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applications of 
Renografin-60 a 
Diatrizoate Meglumine and 


Diatrizoate Sodium Injection 7 


Count them: 


1. Drip infusion pyelography 

2. Excretion urography (direct I.V.) 

3. Peripheral arteriography 

4. Venography 

5. Cholangiography—operative, T-tube’, 
and percutaneous transhepatic 

6. Splenoportography 

7. Arthrography 

8. Discography 

9. Cerebral angiography 
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Please see following page for brief summary. 


RENOGRAFIN®-60 
Diatrizoate Meglumine and Diatrizoate Sodium Injection U.S.P. 


CONTRAINDICATIONS: Contraindicated in persons hypersensitive to salts 
of diatrizoic acid. Urography is contraindicated in patients with anuria. A 
prothrombin time below 50% and evidence of coagulation defects are 
contraindications to percutaneous transhepatic cholangiography and 
splenoportography. When splenectomy is contraindicated. splenopor- 
tography should not be performed since complications of the procedure 
make splenectomy necessary at times. Significant thrombocytopenia and 
any condition which may increase the possibility of splenic rupture are 
contraindications to splenoportography. Arthrography is contraindicated 
if infection is present in or near the joint. Discography is contraindicated if 
there is infection or open injury near the region to be examined. 
WARNINGS: A definite risk exists with the use of contrast agents in 
excretion urography in patients with multiple myeloma. There has been 
anuria with progressive uremia, renal failure and death. This risk of the 
procedure in these patients is not a contraindication; however, partial 
dehydration in preparation for study is not recommended since it may 
predispose for precipitation of myeloma protein in renal tubules. No 
therapy, including dialysis, has been successful in reversing this ef- 
fect. Myeloma should be considered in persons over 40 before under- 
taking urographic procedures. 

In cases of known or suspected pheochromocytoma, if the physician feels 
that the possible benefits outweigh the considered risks, radiopaque mate- 
rials should be administered with extreme caution; however, an absolute 
minimum of material should be injected, the blood pressure should be 
assessed throughout the procedure, and measures for treating a hyperten- 
sive Crisis should be available. 

Contrast media may promote sickling in homozygous individuals when 
injected |.V. or intra-arterially. Although a history of sensitivity to iodine per se 
or to other contrast media is not an absolute contraindication, administration 
of diatrizoate requires extreme caution in such cases. Perform thyroid func- 
tion tests prior to administration of this preparation since iodine-containing 
contrast agents may alter the test results. Avoid accidental introduction of 
this preparation into the subarachnoid space since even small amounts may 
produce convulsions and possible fatal reactions. 

Perform cerebral angiography with special caution in extreme age, poor 
Clinical condition, advanced arteriosclerosis, severe arterial hypertension, 
Cardiac decompensation, recent cerebral embolism, or thrombosis. Per- 
form urography with extreme caution in persons with severe concomitant 
hepatic and renal disease. 

sage in Pregnancy: This preparation should be used in pregnant pa- 
tients only when the physician deems its use essential to the welfare of the 
patient since safe use during pregnancy has not been established. 
PRECAUTIONS: Diagnostic procedures involving use of contrast agents 
should be performed under the direction of personnel with prerequisite 
training and a thorough knowledge of the particular procedure. Appropriate 
facilities should be available for coping with situations which may arise as a 
result of the procedure and for emergency treatment of severe reactions to 
the contrast agent itself; competent personnel and emergency facilities 
should be available for at least 30 to 60 minutes after |.V. administration 
since delayed reactions have been known to occur. These severe life- 
threatening reactions suggest hypersensitivity to the contrast agent. A per- 
sonal or family history of asthma or allergy or a history of a previous reaction 
to a contrast agent warrants special attention and may predict more accu- 
rately than pretesting the likelihood of a reaction although not the type nor 
severity of the reaction in the individual. The value of any pretest is question- 
able. The pretest most performed is the slow I.V. injection of 0.5-1.0 ml. of the 
preparation prior to injection of the full dose; however, the absence of a 
reaction to the test dose does not preclude the possibility of reaction to the 
full diagnostic dose. Should the test dose produce an untoward response, 
the necessity for continuing the examination should be carefully re- 
evaluated; if deemed essential, examination should proceed with all possi- 
ble caution. In rare instances, reaction to the test dose may be extremely 
severe; therefore, close observation and facilities for emergency treatment 
a he indicated. 

enal toxicity has been reported in a few patients with liver dysfunction 
who were given oral cholecystographic agents followed by urographic 
agents; therefore, if known or suspected hepatic or biliary disorder exists, 
administration of Diatrizoate Meglumine and Diatrizoate Sodium Injection 
U.S.P. should be postponed following the ingestion of cholecystographic 
agents. Exercise caution with use of contrast media in severely debilitated 
patients and in those with marked hypertension. When percutaneous 
techniques are used, bear in mind the possibility of thrombosis. Consider 
the functional ability of the kidneys before injecting Diatrizoate Meglumine 
and Diatrizoate Sodium Injection U.S.P. Contrast agents may interfere with 
some chemical determinations made on urine specimens; therefore, collect 
urine before or two or more days after administration of the contrast medium. 

In peripheral arteriography, hypotension or moderate decreases in 
blood pressure seem to occur frequently with intra-arterial (brachial) injec- 
tions; this is transient and usually requires no treatment; monitor blood 
pressure during the immediate 10 minutes after injection. In excretion 
urography, adequate visualization may be difficult or impossible in uremic 
patients or others with severely impaired renal function (see Contraindica- 
tions). Consider the increased osmotic load associated with drip infusion 
pyelography in presence of congestive heart failure. The diuretic effect of 
drip infusion pyelography may hinder assessment of residual urine in the 
bladder. Do not exceed recommended rate (40 mli./min.) of infusion. In 
operative and T-tube cholangiography, inject the contrast agent slowly to 
prevent extravasation into peritoneal cavity and to minimize reflux flow into 
pancreatic duct which may result in pancreatic irritation. In percutaneous 


transhepatic cholangiography, aspirate as much of the contrast agent as” 


possible on completion of successful films to reduce possibility of bile 
leakage and consequent peritonitis. For 24 hours after the procedure care- 
fully and constantly monitor all patients for signs of internal hemorrhage or 
bile leakage; if these complications are recognized immediately, remedial 
measures Can be instituted promptly with minimal increase in morbidity. 
Percutaneous transhepatic cholangiography should be reserved for jaun- 
diced patients who are not good candidates for surgery when requisite 
information has not been obtained with ordinary studies since the procedure 
is not without risks; attempt the procedure only when competent surgical 
intervention can be obtained promptly if needed. In splenoportography, 
manipulations which will prolong the time the needle is in the spleen should 
be avoided since this may contribute to postpuncture bleeding and sub- 
capsular extravasation of the contrast agent. Following splenoportography, 
closely observe the patient for 24 hours for signs of internal bleeding; patient 
should lie on his left side for several hours. Leakage of up to 300 ml. of blood 
from the spleen is apparently not uncommon; fatal hemorrhage has oc- 
curred rarely. Blood transfusions and, rarely, splenectomy may be required. 
In discography, postpone the procedure if an infection (including U.R.I. in 
cervical discography) or open injusy is present near the region to be 
examined to minimize possible introduction of infection. Disk infection has 
occurred after discography; therefore, care should be taken to preclude 
contamination and resultant disk infection. Contamination may be intro- 
duced into the disk if care is not taken to avoid puncturing the esophagus 
during cervical discography. If the needle becomes barbed by contact with 
bone (the two-needle technique helps reduce this hazard), rupture of the 
disk may occur; this is highly unlikely if the procedure is performed carefully. 
ADVERSE REACTIONS: Nausea, vomiting, flushing, or a generalized feel- 
ing of warmth are the reactions seen most frequently with intravascular 
injection. Symptoms which may occur are chills, fever, sweating, headache, 
dizziness, pallor, weakness, severe retching and choking, wheezing, a rise 
or fall in blood pressure, facia! or conjunctival petechiae, urticaria, pruritus, 
rash, and other eruptions, edema, cramps, tremors, itching, sneezing, lac- 
rimation, etc. Antihistaminic agents may be of benefit; rarely, sucn reactions 
may be severe enough to require discontinuation of dosage. Severe reac- 
tions which may require emergency measures (See Precautions) are a 
possibility and include cardiovascular reaction characterized by peripheral 
vasodilatation with hypotension and reflex tachycardia, dyspnea, agitation, 
confusion, and cyanosis progressing to unconsciousness. An allergic-like 
reaction ranging from rhinitis or angioneurotic edema to laryngeal or bron- 
chial spasm or anaphylactoid shock may occur. Temporary rena! shutdown 
or other nephropathy may occur. Temporary neurologic effects of varying 
severity have occurred in a few instances particularly in cerebral angiog- 
raphy. There have been a few reports of a burning or stinging sensation or 
numbness, of venospasm or venous pain, and of partial collapse of the 
injected vein. Neutropenia or thrombophlebitis may occur. 

Adverse reactions as a consequence of excretion urography have in- 
cluded cardiac arrest, ventricular fibrillation, anaphylaxis with severe asth- 
matic reaction, and flushing due to generalized vasodilation. Cerebral 
angiography has caused temporary neurologic complications such as 
induction of seizures (particularly in patients with convulsive disorders), 
confusional states or drowsiness, transient paresis, coma, temporary dis- 
turbances in vision, or seventh nerve weakness. During peripheral ar- 
teriography, hemorrhage from puncture site, thrombosis of the vessel, and 
brachial plexus palsy (following axillary artery injection) have occurred. 
Complications (in an estimated 4 to 6% of cases) of percutaneous trans- 
hepatic cholangiography include bile leakage (more likely in presence of 
complete obstruction due to carcinoma) and biliary peritonitis, gallbladder 
perforation, internal bleeding, gram-negative bacterial septicemia, and ten- 
sion pneumothorax from inadvertent puncture of diaphragm and lung. Dur- 
ing splenoportography, intraperitoneal extravasation of the medium may 
Cause transient diaphragmatic irritation or mild to moderate transient pain 
which may sometimes be referred to the shoulder, periumbilical region, or 
other areas; accidental pneumothorax (because of proximity of pleural 
cavity) may occur. Arthrography may induce joint pain or increase existing 
pain (usually immediate and transient but may be delayed or prolonged up 
to 24 hours) particularly with large doses and extravasation of medium into 
soft tissue Surrounding the joint. Lipid-like histiocytes have been found in 
tissue removed following arthrography. The technique of discography may 
be painful particularly when disk pathology exists; pain on injection may also 
be related to volume of the dose; the nature of the disk pathology or 
extravasation of the medium may cause referred pain 

Bear in mind the possibility of thrombosis or of other complications due to 
mechanical trauma when any percutaneous technique is used. 

For full information, consult package insert. 

HOW SUPPLIED: Renografin-60 (Diatrizoate Meglumine and Diatrizoate 
Sodium Injection U.S.P.) is a sterile aqueous solution providing 52% dia- 
trizoate meglumine and 8% diatrizoate sodium; the solution contains ap- 
proximately 29% (288 mg./ml.) bound iodine, 0.32% sodium citrate (buffer), 
0.04% edetate disodium (sequestering agent); the solution contains approx- 
imately 3.76 mg. (0.16 mEq.) sodium per ml. Available in 10, 30, and 50 ml. 
single-dose vials and in 100 ml. single-dose bottles. 
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NEW FRONTIER FOR RADIOLOGY: COMPUTED 
TOMOGRAPHY 


40th ANNUAL PRESTON M. HICKEY MEMORIAL LECTURE 


RonaALD G. Evens! 


ABSTRACT: 


The basic principles of computed tomography (CT) and their application are 
discussed. The impact of this method on neuroradiologic diagnosis is reviewed, in- 
cluding economic considerations and the effect on nuclear medicine and other diag- 
nostic procedures. The initial experiences of the Mallinckrodt Institute with whole 
body scanning are illustrated, and future possibilities for CT are predicted. 


The Hickey lecture series was established 
to honor the memory of a distinguished 
pioneer in the specialty of radiology and 
one of the best loved teachers in its history. 
Preston M. Hickey was born and educated 
in Michigan, graduating from the Detroit 
College of Medicine and Surgery (the 
present Wayne State College of Medicine) 
in 5892, 3} years before Réentgen’s dis- 
covery. Initially he specialized in diseases 
of the nose, throat, and chest and also lec- 
tured in pathology. He began his work in 
roentgenology in 1899 and became professor 
of reentgenology at the Detroit College of 
Medicine and Surgery in 1909, continuing 
in this position untill 1922. He served in the 
United States Army during the World War 
I as chief of the x-ray division. During the 
war he made many contacts with European 
radielogists, thus becoming a spokesman 
for radiology throughout the world. 

In 1922, he was appointed professor of 
roentgenology at the Universityof Michi- 
gan and planned the new department. 


Hickey did much to establish radiology 
as an academic discipline, initiating lectures 
in roentgenology for freshman medical stu- 
dents and encouraging faculty to present 
and publish thier observations. For a time 
he served as acting dean of the medical 
school. 

In 1906 he established and was first edi- 
tor of the American Quarterly of Roentgen- 
ology, forerunner of this journal. He helped 
found the American Roentgen Ray Society 
and served as its president. He delivered 
the Caldwell Lecture in 1928, received the 
gold medal of the Radiological Society of 
North America, and served as a member of 
the National Research Council. 

In 1904, Hickey contributed a paper to 
the transactions of the American Roentgen 
Ray Society entitled “The Interpretation 
of Radiographs of the Chest.” His con- 
cluding remarks were, “The marked im- 
provement in radiographic technique has 
resulted in adding a diagnostic measure of 
great value to our armamentarium of al- 


Presented at the annual meeting of the Wayne County Medical Society, the Wayne State University College of Medicine, and the 


Michigan Radiological Society, Detroit, March 4, 1976. 


! Department of Radiology, Washington University School of Medicine, and Mallinckrodt Institute of Radiology, 510 South Kings- 
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ready tried methods. This means of thoracic 
exploration, while already developed enough 
so as to be of considerable diagnostic value, 
is destined through future study and ex- 
periment to yield conclusions which will be 
still more valuable.” Perhaps Hickey’s re- 
marks about the chest radiograph in 1904 
will prove true for computed tomography 
in 1976. 


BEGINNING OF THE NEW FRONTIER 


Until recently, radiologists have been 
limited to two-dimensional images which 
superimpose important organs. Radiographic 
tomography (moving the tube and film in 
a variety of patterns in order to “blur” 
structures outside a specific plane of inter- 
est) was useful to limit the problem of over- 
lapping structures in certain areas of the 
body, but the “blurring” added to the 
problem of density resolution. 

The specialty of radiology has recently 
been changed by the dramatic introduction 
of computed tomography (CT) [1]. The 
system consists of a scanning unit (contain- 
ing an x-ray tube and two accurately 
aligned radiation crystal detectors), an 
x-ray generator and controls, a computer 
with a magnetic disc and printer, and a 
viewing unit consisting of a cathode-ray 
tube. The following description pertains to 
head scanning equipment available in 1975. 

The x-ray tube and detectors are 
mounted opposite each other and the de- 
tectors receive and record the intensity of 
the x-ray beam as it passes through the 
head. The x-ray beam is collimated so that 
a 13 or 8 mm “‘slice” of the head is evalu- 
ated. The detector system moves in a linear 
fashion across the head and takes multiple 
readings. The frame then rotates 1°, the 
linear path is repeated, and this sequence is 
repeated through an arc of 180°. With each 
linear movement, 240 measurements of 
x-ray intensity are recorded by each de- 
tector. After 180°, 43,200 measurements 
are obtained which are continuously fed to 
the system’s computer. The computer 
rapidly calculates 25,600 attenuation val- 
ues within each slice, and the data create a 
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picture of the contents within the slice on 
a matrix composed of 160X160 pixels. 
Pixel is a relatively new word, a contrac- 
tion of the words “picture element.” It 
refers to the number of elements in an elec- 
tronic image, in this case, the cathode-ray 
tube. Each point on the matrix accurately 
depicts the attenuation value of the tissue 
at that site in the slice under examination 
and each pixel has a volume of 1.5 X 1.5 X13 
(or 8) mm. The attenuation values are 
printed as well as displayed in shades of 
gray by the cathode-ray tube. 

Each measurement from a detector 
forms one of a series of 43,200 simultaneous 
equations in which 25,600 variables exist. 
If there are more equations than variables, 
the unique value of each volume element in 
the matrix can be solved. 

The first generation of CT units required 
a scanning time of about 5 min and several 
minutes for computer calculation. To allow 
more accurate measurement, a water bag 
was placed over the scanned area to mini- 
mize differences of attenuation. This sys- 
tem accurately measured the attenuation 
coefficients of biologic materials with a 
precision of 0.5%, although in actual clinical 
use this precision is approximately 1% or 5 
EMI units [2, 3]. Spatial resolution has 
been measured as low as 3 mm. The first 
published clinical material [4] demon- 
strated the ability of head scanners to 
image small areas of calcification, clotted 
blood, edematous brain, cerebrospinal fluid, 
fat-containing objects, small amounts of 
iodinated contrast agents. 

By 1975, at least two other manufactur- 
ers announced CT equipment for use in the 
head and body [5, 6]. This equipment was 
similar to Hounsfield’s [1], and, although 
not requiring a water bag, the scanning 
time remained at several minutes. Second 
generation systems have scanning time of 
less than 20 sec; the matrix capability 1s 
now 320 X 320 pixels. 


CT OF THE HEAD 


Several medical centers have utilized CT 
in neuroradiology for more than 3 years. 


COMPUTED TOMOGRAPHY 


As of January 1976, approximately 140 
units are in operation throughout the world 
(primarily in the United States), and hun- 
dreds of examinations have been reported 
[7-12]. 

The cranium can usually be evaluated 
with eight slices (four scans) and the ap- 
pearance of normal tissue is well docu- 
mented. The bony calvarium appears white 
on the cathode-ray tube display, brain tis- 
sues are displayed as various shades of 
gray, and cerebrospinal fluid appears as a 
black density. Physiologic areas of calcifi- 
cation (pineal gland and the glomus of the 
choroid plexus), (fig. 1) serve as useful 
landmarks. Initially it was suggested that 
the cerebral cortex could be distinguished 
from underlying white matter, but it has 
recently been shown that this observation 
was an artifact of the computer program 
and its reconstruction capabilities [13]. The 
ventricular system, sylvian fissures, and 
the basal cisterns are easily recognized and 
the diagnostic criteria learned from pneu- 
moencephalography are valid with CT, 
without the need of injected air. 

The presence of calvarial lesions, de- 
formity, or volume change of the ventricles 
as well as variations in the parenchymal 
density of the brain allow a wide variety of 
diagnostic observations. A rapidly growing 
literature describes CT findings in primary 
and secondary tumors, cerebral vascular 
accidents, subdural and epidural hema- 
tomas, and degenerative neurologic 
processes. 

Dilitation of the cerebrospinal fluid 
spaces 1s easily discernible and, if due to an 
obstructive process, the level and patho- 
logic cause for the block may be detected. 
If the enlarged ventricles are due to a de- 
crease in parenchymal volume, enlarge- 
ment of the subarachnoid sulci and basal 
cisterns can permit the diagnosis of cere- 
bral atrophy (fig. 2). 

Primary and secondary tumors are de- 
tected by changes in cerebral density and 
their mass effect on the ventricular system 
(fig. 3). The density changes are of mixed 
patterns with increased density related to 





FıG. 1.—CT scan of normal head. Calvarium and 
midline pineal are displayed as white density, cere- 
bral cortex as shades of gray, and ventricles and sub- 
arachnoid space (cerebrospinal fluid) as black density. 


areas of hemorrhage or calcification, while 
areas of low density are probably related 
to areas of necrosis and edema. Many 
tumors (both primary and metastatic) are 
often “enhanced” by iodinated contrast 
agents so that areas of the tumor signifi- 
cantly increase in density after the intra- 
venous injection. This observation is noted 
In many tumors (e.g. glioblastoma multi- 
forme, meningioma, and metastatic le- 
sions) and in arteriovenous malformations. 
The “enhancement” is partially due to in- 
creased vascularity and has recently been 
shown to relate to a breakdown in the 
blood-brain barrier [14]. 

The findings with cerebral infarction 
vary with the time after the onset of clini- 
cal symptoms and are observed in ap- 
proximately half of the patients with a 
clinical stroke. In the first few days after 
the ictus, a region of low density is noted 
(fig. 4). A midline shift is often absent and, 
when observed, the amount of displace- 
ment is proportional to the size of the 
infarct—a useful finding to differentiate 
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Fic. 2.—Differentiation of hydrocephalus and cerebral atrophy. 4 and B, Normal subarachnoid space and 
moderately dilated ventricles in communicating hydrocephalus. C and D, Enlarged subarachnoid space and 
mildly dilated ventricles in cerebral atrophy. 


COMPUTED TOMOGRAPHY 


regions of low density in areas of infarction 
frem mass lesions. After about 10 days, a 
well-defined area of low density is com- 
monly seen, and after 1 month the area of 
infarction may be cystic. This is not a con- 
sistent finding, and some regions of infarc- 
tion appear normal after 1 month. 

Intracerebral hematomas are visualized 
as areas of high attenuation density (fig. 5). 
The etiology of the bleeding may be in- 
ferred from the position and clinical presen- 
tation. Epidural and subdural hematomas 
are recognized by their mass effect on the 
ventricular system and midline structures, 
as well as changes in density from the nor- 
mal. Fluid collections with low blood con- 
tent have a low density absorption (fig. 
64), and collections of clotted blood are 
clearly differentiated by their high density 
values. Unfortunately, many chronic sub- 
dural hematomas lie in an intermediate 
range and can be difficult to differentiate 
from underlying brain. 

Experience of our center and others point 





Fic. 3.—Recurrent meningioma after contrast en- 
hancement. Large tumor has intra- and extracranial 
component and marked increase in density after in- 
travenous injection of contrast. Note surrounding 
cerebral edema (low density) and distortion of ven- 
tricular system. 
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4.—Acute right middle cerebral infarct. 
Edematous right cerebral cortex has low attenuation 
coefficient 24 hr after onset of symptoms. Midline 
slightly shifted to left. 


to a diagnostic accuracy of 95%. This is 
undoubtedly related to the sensitivity of 
CT as well as the skill of neuroradiologists. 
The false positive and false negative czses 
are nearly equally divided in most series. 

The rapid clinical acceptance of head 
CT is not only related to its high accuracy, 
but also to its significant effect on the 
management of many patients. Four exam- 
ples follow. 

1. A common neurologic presentation in 
the elderly is dementia, which requires the 
ditferentiation of patients with communi- 
cating hydrocephalus, noncommunicating 
hydrocephalus, and cerebral atrophy. CT 
helps distinguish patients with cerebral 
atrophy from individuals with hydro- 
cephalus without resorting to air studies 
(fig. 2). Radionuclide cisternography is 
then performed on the hydrocephalic pa- 
tients in order to distinguish communi- 
cating isotopic patterns [15]. In certain pa- 
tients with “classical?” communicating hy- 
drocephalus by CT and radionuclide cis- 
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Fic. 5.—Intercerebral hematomain patient with left 
thalamic hemorrhagic infarct. Hematoma shown as 
area of increased density (white arrow) with surround- 
ing cerebral edema. Blood has also collected in ven- 
tricular system (d/ack arrows). 


ternography, cerebrospinal fluid shunt sur- 
gery may be performed without the need of 
air studies. 

2. Certain categories of patients with a 
clinical “stroke?” are treated with anti- 
coagulation. This treatment has a definite 
morbidity in patients with a hemorrhagic 
stroke. CT accurately detects intracerebral 
hemorrhage even when the spinal fluid ex- 
amination shows no blood (fig. 5), so that 
the patient’s treatment can be appropri- 
ately directed. 

3. The diagnosis of pseudotumor cerebri 
(benign intracranial hypertension) was pre- 
viously made with difficulty and often re- 
quired air studies and arteriography. The 
typical clinical presentation is an obese 
female with significant papilledema_ but 
without focal signs. Evaluation can now be 
completed with CT alone. The demonstra- 
tion of a nondisplaced and normal sized 
ventricular system and a normal cerebral 
cortex strongly suggests this diagnosis, and 
the patient can be treated with diuretic 
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therapy and/or multiple lumbar punctures. 

4. A common pediatric neurologic pre- 
sentation is the infant or child with an en- 
larging head. CT differentiates hydro- 
cephalus from extracerebral fluid collec- 
tion (fig. 6). Patients with fluid collections 
can be treated immediately without air or 
contrast studies. 

Since the introduction of this technique 
at the Mallinckrodt Institute, air studies 
have diminished by 66%, cerebroangio- 
graphic procedures by 34%, and radio- 
nuclide brain scans by 29%. Similar pat- 
terns of utilization have been reported at 
the Mayo Clinic [16]. One study [17] esti- 
mates a possible savings of greater than 
$2,000,000 per year per CT unit. These 
predictions were based on savings in hos- 
pital days and diagnostic procedures; the 
estimated savings were validated by sta- 
tistics in pneumoencephalography but not 
with angiography. Data on hospital ad- 
missions were not reported. 

I am currently surveying all CT users to 
determine actual costs [18]. The equipment 
is complex, sophisticated, and expensive 
to purchase and operate, so that this study 
will undoubtedly demonstrate an added 
cost to neuroradiologic diagnosis. The addı- 
tional cost will be partially offset by de- 
creases in other examinations, but the de- 
crease in costs will not parallel the reduc- 
tion in air or contrast studies. Pneumoen- 
cephalography, cerebral angiography, and 
radionuclide brain scans remain necessary 
in certain patients, and the space and 
equipment (and to some degree personnel) 
must be maintained. The high fixed costs 
[19] of these procedures will continue while 
examinations and revenues decrease; thus 
air and angiographic studies will become an 
even greater financial burden to radiology 
departments. 

Calculations of cost must also consider 
the “mix” of patients studied because an 
increasing ratio of normal to abnormal 
diagnoses will affect the dollar cost or cal- 
culated “savings.” Published studies indi- 
cate a diagnosis of normal in 10%-40% of 
CT examinations, while radionuclide brain 
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Fic. 6.—Computed tomography in infants with enlarging heads. 4, Bilateral subdural fluid collections 
(hygromas) seen as regions of low density between calvarium and cerebral cortex in infant with enlarging 
head. B, CT findings in child with aqueductal stenosis and hydrocephalus. 


scans are normal in approximately 90% of 
cases. If CT replaces the nuclide study as 
a “screening test,” the percentage of nor- 
mal results will undoubtedly increase and 
have a definite effect on the analysis of 
cost effectiveness. Further discussion of cost 
effectiveness must be postponed for addi- 
tional data. However, CT has proved to be 
an effective examination which has markedly 
improved diagnostic capabilities and reduced 
pain and hazard to many patients. 

CT has made a substantial impact on the 
specialty of nuclear medicine because the 
radionuclide brain scan previously com- 
posed approximately 50% of all nuclide 
imaging studies in many medical centers. 
CT is somewhat better than radionuclide 
imaging in the detection of significant ab- 
normalities [20]; however, the major reason 
fer its replacement of brain scans has been 
the ability to detect intracerebral hemor- 
rhage, abnormalities of the ventricular 
system, and to provide more definitive 
information about pathologic lesions. Ra- 
dionuclide studies will continue to play a 


role in the evaluation of communicating 
hydrocephalus and mass lesions located 
near bony density (calvarium, base of the 
skull, and posterior fossa). I also believe it 
will play a role as a screening test in pa- 
tients with a low probability for significant 
abnormality (e.g., minimal neurologic 
symptoms without focal neurologic signs) 
where a readily available and relatively 1n- 
expensive test 1s required. 
BODY CT 

By 1975, body scanning capabilities 
were possible on at least two types of 
equipment (the ACTA and Delta scanners 
[s5, 6]. An overlying water bag was net 
required and all portions of the body could 
be placed between the x-ray beam and the 
crystal detectors. Respiratory motion was 
a problem since the scanning time was 2 
min or more. In this same year, a second 
generation CT unit was developed capable 
of completing the scan in less than 20 sec 
and producing dramatically clear images 
of the abdomen and thorax. One of the 
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first units was installed in the Mallinckrodt 
Institute of Radiology in October 197s, 
and we have recently reported our experi- 
ence with the first 100 patients [21]. 

The basic principles remain the same, 
but the x-ray source is a fan beam mounted 
diametrically opposite an array of 30 
highly sensitive sodium iodide crystal de- 
tectors. The x-ray beam and detectors 
traverse the region being scanned in a 
linear fashion. More than 18,000 individual 
readings of x-ray intensity are recorded 
with each linear path. The scanning frame 
is then indexed by 10°, another linear 
traverse 1s made, and this process con- 
tinues for 180°, all in less than 20 sec. 

The patient reclines on an adjustable 
couch extending through a circular opening 
in the scanning gantry and is positioned so 
that any portion of the body can be stud- 
ied. The computer calculates the x-ray 
attenuation values for 80,000 volume ele- 
ments within each slice and reproduces the 
data as a 320X320 matrix array. Cur- 
rently available computer programs can 
adjust to dramatic changes in attentuation. 

Our initial studies were performed on a 
highly selected patient population. The 
examination was not utilized as a screening 
procedure nor were uncooperative patients 
selected. All individuals were normal volun- 
teers or patients with a well-defined clinical 
problem. We have now examined more 
than 300 individuals with emphasis on the 
abdomen and chest, and a few patients 
with abnormalities of the extremities and 
head and neck. Slightly more than 90% of 
our patients are able to suspend respira- 
tion for 20 sec. There is significant degrada- 
tion of the image with respiratory motion. 

CT easily delineates many normal struc- 
tures, including the aorta, iliac arteries, su- 
perior mesenteric artery, renal arteries, pul- 
monary arteries through several branches, 
and vena cava. The normal spleen, liver, 
and gallbladder are of homogeneous den- 
sity. The pancreas is seen in nearly every 
patient and is recognized by a character- 
istic size, shape, and its anterior relation- 
ship to the superior mesenteric artery 
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(fig. 7). The kidneys and other retroperi- 
toneal organs are clearly visualized because 
of the surrounding retroperitoneal fat with 
a relatively low absorption coefficient. The 
bladder and retroperitoneal rectosigmoid 
are delineated and usually can be distin- 
guished from the prostate, seminal vesicles 
(fig. 8), or uterus. 

In the thorax, lung parenchyma, pul- 
monary vascularity, magor bronchi, and 
the mediastinum are defined by their 
differing attenuation coefficients and sur- 
rounding structures. Intracardiac anatomy 
is not demonstrated, undoubtedly due to 
cardiac motion. Tomographic sections of 
body structures include a very detailed 
trabecular pattern, and sections through 
joint articulations demonstrate the syno- 
vial space (fig. 8). 

Many organs have an increased absorp- 
tion density following the intravenous in- 
jection of water soluble iodinated contrast 
media. Contrast in the renal collecting sys- 
tem can be detected for as long as 48 hr 
after injection. 

Although our experience with body CT 
is limited, significant pathologic observa- 
tions have already been observed. Since 
dilated biliary ducts are easily recognized 
(fig. 9), this method may be the most spe- 
cific noninvasive test to differentiate ob- 





Itc. 7.—Normal upper abdominal anatomy. Pan- 
creas 1s above superior mesenteric artery (arrow). 
Liver (L) has homogeneous density with lower den- 
sity gallbladder to right. Aorta and renal arteries are 
visualized. K=kidneys. 


te 
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structive from nonobstructive jaundice. 
Liver metastases are recognized as distinct 
areas of lower absorption density than 
normal liver; we have seen metastases as 
small as 1 cm in diameter. Fatty infiltra- 
tion of the liver is detected by its uni- 
formly low attenuation coefficient, and 
primary hepatic tumors and liver ab- 
scesses have also been identified. Spleno- 


megaly and intrasplenic lesions (tumors, 
metastases, or infarcts) have been detected. 

Pancreatic abnormalities are detected by 
alterations in the normal pancreatic size, 
shape, and density. We have correctly 
diagnosed 27 of 30 patients with pancreatic 
carcinoma (fig. 10). One false negative was 
an emaciated patient who lacked the nor- 
mal fat planes in the retroperitoneum. In 
the other two false negative studies, en- 
larged hepatic biliary ducts were seen but 
the obstructing pancreatic carcinoma was 
not detected. Pseudocysts of the pancreas 
have a characteristic presentation and can 
be differentiated from carcinoma. We have 
studied a variety of abdominal masses (fig. 
11), and CT delineates their size, con- 
sistency (solid versus cystic), attenuation 
coefficient (fat, muscle, or calcium), and 
relationship to other organs and structures. 

Mass lesions of the kidney produce a 
change in the normal renal architecture, 
whereas benign renal cysts present as 





FıG. 8.—Normal male lower abdominal anatomy. 
Seminal vesicles (arrow) between bladder (above) 
and rectosigmoid (below). Note synovial space be- 
tween acetabulum and femoral head. Air (black den- 
sity) present in bladder from recent cystoscopy, 





FıG. 9.—Obstructive jaundice. Dilated biliary ducts 
seen as regions of low density within liver, 


sharply demarcated regions of water den- 
sity that do not increase in density after 
contrast injection. Malignant renal lesions 
are of similar density to the kidney and 
have a slight increase (but less than the 
normal kidney) in density after contrast 
injection. CT visualizes levels of iodine 
concentration in the renal collecting system 
which are completely undetectable by 
standard radiography, but we have not 
quantitated this increased sensitivity at 
this time. 

Hilar and pulmonary mass lesions are 
well defined by the large difference in 
attenuation coefficient between the mass 





Fic. 10.—Carcinoma of pancreas. Head of pan- 
creas enlarged and central pancreatic duct (arrow) 
dilated. Multiple liver metastases seen as areas of 
decreased density from normal liver. 
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Fic. 11.—Large lower abdominal mass several 
days after renal transplant shown to be lymphocele. 
Fluid collection appears as homogeneous density 
with lower attenuation coefficient than functioning 
transplanted kidney (white arrow) after intravenous 
contrast injection. Renal concentration of contrast 
could not be detected by standard radiography. Note 
mass effect on psoas muscle (lack arrow). 


and surrounding lung (fig. 12), and we can 
describe their relationship to the major 
bronchi and mediastinum. Calcifications 
within benign pulmonary granulomas have 
been detected that could not be observed 
by standard techniques. Certain mediasti- 
nal masses (e.g. pericardial fat pad, and 
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aortic aneurysms) have very characteristic 
patterns by CT (fig. 13). Our experience in 
patients with abnormalities of the ex- 
tremities and head and neck is limited at 
this time, although a variety of anatomical 
structures have been defined. The body 
scanner obtains excellent studies of the 
cranial vault that are certainly comparable 
and perhaps superior to examinations from 
current head units. ° 

While I am convinced that whole body 
CT will be of great significance to diagnos- 
tic radiology and to the welfare of patients, 
its impact will not be as dramatic as for the 
head due to several reasons. 

1. A variety of excellent, well-tested, 
and noninvasive radiographic techniques 
are currently available for the thorax, 
abdomen, and extremities. These include 
the chest film, upper gastrointestinal exam- 
ination, barium enema, and plain films of 
the abdomen and extremities. 

2. Nuclear medicine and ultrasound as 
well as percutaneous biopsy provide addi- 
tional diagnostic tests for the thorax and 
abdomen. 

3. The thorax and abdomen lack the 
symmetry of the head. 

4. Important anatomical areas cannot 
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Fic. 12.—Carcinoma of lung. Enlarged pulmonary hilum (4) studied by CT (B). Water density irregular 
mass (arrow) has narrowed posterior segmental upper lobe bronchus. Analysis of mass by narrow window 
widths demonstrated no calcification. Pathologic diagnosis was squamous cell carcinoma. 
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Fic. 13.—Aortic aneurysm. 4, Chest radiograph demonstrating multilobulated mediastinal mass with 
calcifications typical for aortic aneurysm. B, CT scan showing markedly enlarged aortic arch with large 
amounts of calcification and erosion of thoracic vertebral body (arrow). 


be evaluated by second generation CT, 
including the heart and gastrointestinal 
tract. 


THE FUTURE OF CT 


Godfrey Hounsfield’s invention is a fun- 
damental development that will surely be 
expanded and improved. The general 
principle of transaxial reconstructive to- 
megraphy has already been applied to the 
reeonstruction of radionuclide distributions 
in the brain and body [22-24]. Ter- 
Pogossian and co-workers at the Mal- 
linckrodt Institute have developed a system 
to image the radionuclide distribution of 
positron-emitting isotopes in a cross-sec- 
tional slice of an object by external detec- 
tion. The system is called PETT (positron 
emission transverse tomography) and has 
already been utilized in physiologic studies 
of the cerebral cortex, myocardium, lung, 
and abdominal viscera. Information is 
collected by performing a series of recti- 
linear scans at a number of discrete angles 
about the cross-section of interest. The 
system consists of 48 scintillation detec- 
tors placed in a hexagonal array of six 
banks with eight detectors each. The mini- 
mum time for total data collection is 2 min, 
and an image is reconstructed in a matrix 


of 100X 100 pixels and displayed on a tele- 
vision monitor. A variety of radioactive 
compounds can measure several physio- 
logic parameters and we are quite optimis- 
tic regarding future clinical uses—espe- 
cially with studies of the heart and brain 
(fig. 14). The principles of CT should also 
be applicable to other energy modalities, 
including ultrasound. 

Several centers are evaluating methods 
to improve radiation therapy treatment 
planning and dosimetry by CT, and our 
Division of Radiation Oncology is actively 
developing interface systems for clinical 
trials. 

Further improvements in CT equipment 
seem to be on the horizon. As scanning 
time is reduced, the examination becomes 
available to the uncooperative or pediatric 
patient. Evaluation of cardiac anatomy 
may be possible by coordinating informa- 
tion collection with the cardiac cycle. 

A major improvement will be the ability 
to obtain thinner “‘slices” so that small and 
important anatomical structures can be 
resolved, particularly when they traverse 
the plane of study in a diagonal fashion or 
when they are adjacent to other structures. 


Thinner slices may also allow the com- 


puter to reconstruct images in a variety of 
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EMI 


scan + contrast 


Fic. 14.—Isotope distribution studies in patient with cerebral infarct. Lower right, area of infarct; /ower 
left, EMI scan; upper images, distribution of labeled compounds in same cross-sectional area of brain as EMI 
scan. Upper left image is distribution of }!CO-tagged red blood cells and represents cerebral blood volume. 
Upper center image is distribution of *N-ammonia and relates to blood perfusion, while upper right image 
depicts distribution of Ga (probably area of abnormal blood-brain barrier). Note different regions of abnor- 


mality defined by three labeled substances. 


planes and angles [25]. 

Improvements in equipment, computers, 
and programming will be coordinated by an 
expanding scientific understanding in this 
relatively new area of image reconstruction. 
Continued progress seems assured. The 
future holds a promise of faster scanning 
time, rapid computer reconstruction, im- 
proved spatial and density, resolution, and 
application to’ other areas of the body 
(heart, gastrointestinal tract, spinal canal). 
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BREAST PATTERNS AS AN INDEX OF RISK 
FOR DEVELOPING BREAST CANCER 


Joun N. Wo tre! 


ABSTRACT: 


The radiographic appearance of the breast parenchyma provides a method of 
predicting who will develop a breast cancer. This paper describes a retrospective 
study of 7,214 patients. On the basis of the radiographic appearance of the breast 
parenchy ma, patients were placed into one of four groups of risk dor developing 
carcinoma of the breast. Follow-up studies revealed a stepwise progression in the 
incidence of developing carcinoma of the breast at least 6 months after the radio- 
graphic examination. In one of the two substudies, there was a 37 times greater in- 
cidence for those at highest risk compared to the low risk group. The classifications 
presented are thought to be of value in the everyday practice of mammography as 


well as in planning screening programs. 


The parenchymal patterns of the breast, as 
depicted radiographically, provide signifi- 
cant clues as to who will develop breast 
cancer. Groups can be isolated with as 
much as a 37 times greater incidence of the 
disease. This has two implications: (1) in 
certain groups cancer detection must be 
stressed and, in some cases, anticipatory 
therapy recommended; and (2) large groups 
of women can be identified who should 
have routine radiographic screening ex- 
aminations. 

This communication describes the cri- 
teria for classification, the projected inci- 
dence of carcinoma for the various classi- 
fication groups, comparison of projected in- 
cidence to that of the general population, 
and utilization of the classification. 


BACKGROUND 


After noting variation in the radio- 
graphic appearance of the breast paren- 
chyma, a study was done to categorize the 
appearance of the normal breast [1]. The 
parenchyma was recognized as having 
basically three components: fat, densities 
corresponding to connective and epithelial 
tissues, and what was termed prominent 
ducts. It was noted that with aging, the 
connective and epithelial tissues regressed 


with a corresponding increase in observa- 
tions of the prominent duct pattern. The 
premise that the prominent duct pattern 
was an evolutionary change associated with 
aging was probably incorrect. Further 
studies have shown that the prominent 
ducts are present from a very early age (at 
least the twenties), becoming visible with 
the regression of overshadowing connective 
and epithelial tissue density (J. N. Wolfe, 
unpublished data). 

An important observation was an asso- 
ciation of the prominent duct pattern with 
the presence of a breast carcinoma, the his- 
tory of having a breast carcinoma, and in 
women who were considered at risk for the 
disease by virtue of age and nulliparity. It 
was reasoned that this association might be 
utilized to identify a group of women who 
would be at risk for developing breast can- 
cer some time in the future [2, 3]. As will be 
seen, this premise was correct, but dys- 
plasia with or without an element of promi- 
nent duct pattern was found to be an even 
more important indicator of risk. 


CRITERIA FOR CLASSIFICATION 


The classification 1s based on the relative 
amounts of fat, epithelial and connective 
tissue densities, and prominent ducts ob- 
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PATTERNS OF RISK 





IN BREAST CANCER 








Fic. 1.—A, Nı breast. Lateral projection showing trabeculated appearance; no palpable abnormalities. 


B, Pi breast. Lateral projection showing some prominent ducts in subareolar area; breast otherwise composed 


of fat. 


served on the mammogram. The epithelial 
and connective tissue densities correspond 
roughly to what the pathologist usually 
identifies as benign disease of the breast, 
such as adenosis or fibrocystic disease. I 
prefer the term mammary dysplasia for 
these densities. They are evidenced as 
densities over that of fat and usually do 
not have clearly definable margins. The 
changes are typically bilateral and sym- 
metrical. The prominent duct pattern cor- 
responds to a periductal collagenosis his- 
tologically and has in the past been con- 
sidered by some writers as an aging process. 
The classification is as follows: 

Nz, lowest risk. Parenchyma composed 


primarily of fat with at most small amounts 
of “dysplasia.” No ducts visible. 

Pz, low risk. Parenchyma chiefly fat with 
prominent ducts in anterior portion up to 
one-fourth of volume of breast. Also, may 
be a thin band of ducts extending into a 
quadrant. 

P2, high risk. Severe involvement with 
prominent duct pattern occupying more 
than one-fourth of volume of breast. 

DY, highest risk. Severe involvement 
with “dysplasia.” Often obscures an under- 
lying prominent duct pattern. 

The Ni breast is considered essentially 
“normal.” The appearance varies somewhat 
with the age of the patient. In the young 





lic. 2—4, P2 breast. Caudal projection showing severe involvement with prominent duct pattern. 
B, P2 breast. Lateral projection showing severe involvement with prominent duct pattern. 


woman, there can be some densities over 
and above that of fat, but a prominent fea- 
ture will be islands of fat seen as oval and 
round areas of relative radiolucency. Ideallv 
itis a breast composed almost solely of fat 
or one which has a so-called trabeculated 
appearance (fig. 14). 

The breast classified as P1 is composed 
chiefly of fat, but cordlike structures or a 
beaded appearance corresponding to promi- 
nent ducts are visible in the subareolar 
area, occupying less than one-fourth of the 
breast volume. A variation on the sub- 
areolar location can be a thin band of duct- 
like structures extending into one of the 
quadrants, typically the upper axillary one 


(hg. 18), 


The P2 breast indicates severe involve- 
ment of the breast (more than one-fourth 
of the volume) with a prominent duct pat- 
tern. In its severest form, it occupies all of 
the parenchyma (fig. 2). 

The DY breast has a great deal of in- 
crease in density over and above that of fat 
but without the prominent duct pattern as 
the dominant feature. In its severest form, 
the parenchyma will appear rather homo- 
geneous (fig. 3). 

A proposed fifth group (QDY) is dis- 
cussed later. This classification is useful in 
women below the age of 40 because of the 
strong tendency of the DY group to change 
at that age. 

The histopathology of the groups is as 
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Fic. 3.—A, DY breast. Lateral projection showing severe involvement with mammary dysplasia as evi- 
denced by plaquelike areas of increased density. B, DY breast. Lateral projection has dense radiographic 
appearance due to severe mammary dysplasia. (The DY category in the young woman may change dramati- 
cally at about age 40 or 50 but usually reverts only to P2.) 


expected. The Nr type is composed mainly 
of fat, usually with normal lobules and 
ducts. There may be very minimal mam- 
mary dysplasia (fig. 4.7). The chief feature 
of the Pı and P2 types is connective tissue 
hyperplasia surrounding the ducts. There 
are usually some additional elements of 
mammary dysplasia (fig. 48). The DY 
group presents the histologic character- 
istics of severe mammary dysplasia with a 
great deal of desmoplasia. The pathologist 
usually identifies at least adenosis and 
microcyst formation. In some instances, 
there are epithelial changes ranging from 


hyperplasia to atypia (fig. 5). 


SUBJECTS AND METHODS 


Only women 30 years of age or older with an 
initial radiographic report negative for carci- 
noma were included. In addition, none of the 
women included had a history of breast cancer. 
To be considered a “positive case,” breast can- 
cer had to be proven histologically at least 6 
months after the radiographic examination. 
Finally, no information was available to the 
classifier other than knowledge that the patient 
was at least 30 years of age. 

Two retrospective studies were done. In the 
first study (termed study 1), all mammograms 
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Fic. 4.—4, Histologic appearance of Nı breast parenchyma; breast composed mainly of fat. B, Histologic 


appearance of Pr breast. Ducts are undilated, have irregular lumens, and are encircled by deposition of 


collagenous tissue. 


made at Hutzel Hospital on women 30 years of 
age or more from January 1967 to January 1972 
were classified. Study 2 did the same for the 
period between January 1972 and January 
1973- 

The case finding procedure differed between 
the two studies. In study 1, alphabetized lists of 
patients by classification were furnished to the 
Tumor Registry of the Michigan Cancer Foun- 
dation. An independent search was then made 
to identify those women who developed a 
breast cancer. Supplemental case finding was 
carried out by searching the files of Hutzel 
Hospital, since because of the geographic limita- 
tions of the registry it was estimated to cover 
significantly less than 100% of the study popu- 
lation. The average time of follow-up was esti- 
mated at 3 years. This was selected because of 
the known time lag between histologic proof of 
the development of a breast cancer and in- 
corporation of the record into the tumor regis- 
try. 

For study 2, a questionnaire was mailed to 
each patient asking for the necessary informa- 


tion to determine if and when she had breast 
cancer and where it was proven. Responses 
were obtained from 75%. The vast majority of 
the nonresponders were patients who had 
moved and left no forwarding address. The 
failure to obtain responses in 25% of the study 
population is not considered a deterrent for two 
reasons: the cross section of responders versus 
nonresponders by classification did not differ, 
and, in addition, the results of study 2 paralleled 
those of study 1. 

Criteria for classification were deliberately 
varied in the two studies. An attempt was made 
in study 2 to capture within a larger population 
a greater number of the developing cancers. 
This was successful, as will be seen in the re- 
sults. The other alternative was to select cri- 
teria to give smaller numbers of cancers in sig- 
nificantly smaller populations. 


RESULTS 


The results demonstrate the ability to 
identify groups of women at significantly 
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higher risk for developing breast cancer. 
Study 1 (table 1) shows a stepwise increase 
in incidence of breast cancer according to 
classification: 0.14%, 0.52%, 1.96%, and 
622% for N1, P1, P2, and DY, respec- 
twely. The DY group had a 37 times 
greater incidence than Ni. The data show 
basically two groups at significant risk 
(P2+DY, incidence of 2.65%) and two 
groups at relatively low risk (N1+P1, in- 
cidence of 0.28%). In this study, 82.14% 
of the cancers were noted in 33% of the 
study population (P2+ DY). 

Study 2 (table 2) shows a similar pattern 
of incidence for the N1, P1, P2, and DY 
groups: 0.17%, 0.00%, 1.2%, and 3.6%, 
respectively. The disparity between DY 
and Ni groups is present in study 2 but is 
not as great as in the first analysis (21:1 
compared to 37:1). Under the criteria of 
study 2 (greater numbers of patients placed 
in the P2 and DY groups), 95% of the de- 
veloping breast cancers were noted in 
49.8% of the population (P2+ DY). 

For the majority of cases in study 1, the 
interval between the radiographic examina- 
tion and histologic proof of the cancer was 
not available. The Tumor Registry of the 
Michigan Cancer Foundation would not 
furnish the information because of con- 
fidentiality rules. It was known that the 
interval was at least 6 months. The in- 
tervals for study 2 were as follows: average 
—2 years, 6 months; extremes—3 years, 5 
months and 6 months (N1); and median—2 
years, 8 months. 


TABLE 1 
Study 1: 1967-1971 
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Fic. s.—Histologic appearance of DY breast; 
breast involved severely with mammary dysplasia. 


Age Distribution 


Several observations can be made re- 
garding the age distribution of the com- 
bined study population (table 3). First, 
15% of the cancers developed in women 
between the ages of 30 and 39. Second, 
85.5% of the cancers occurred in 36.6% of 
the combined study population (groups 
P2+ DY). 

A more important observation concerns 
the change in role of the P2 and DY classi- 


TABLE 2 


STUDY 2: 1972 























CASES CARCINOMAS Inci- 

: ——— = DENCE 

CLASS No. % No. % (%) 

je i rare Gt 29.4 I 5.0 0.17 
a er eee 465 24.1 O 0.0 0.0 

Ni atid Pr... 1,026 -§3.2 I $0 Og 
ee 573 29.7 7 Se E ie: 
tS rr say, 17.1 12 60.0 3.6 
P2and DY. 904 46.8 I9 95.0 ‘4 

i.) 100.0 20 100.0 1.04 


1,930 











1136 


WOLFE 


TABLE 3 


CARCINOMAS BY AGE AND CLAss 











Nr Pr P2 DY Tora. 
AGE No % No % No % No % No % 
TOMS EEEE NEEE I 9.1 I 9.1 ä 36.4 5 45.4 II 100.0 
Ce a): E A ee I 2.9 4 I1.4 12 k7 oe: 18 51.4 35 100.0 
COMES os vanes E I 4.2 I “4.2 14 58.3 8 kk e 24 100.0 
OPP so dcan tk vies, oe eed I 16.6 I 16.6 4 66. O 0.0 6 99.8 
ys | Ferner ee 4 ‘9 7 9.2 34 a9 31 40.8 76 100.0 





Note.—Data from combined studies 1 and 2. 


fications. The DY group accounts for 50% 
of the cancers which occurred under the 
age of so years. After that age it accounts 
for only 8%. Conversely, the P2 classifisa- 
tion assumes paramount importance after 
the age of 50 accounting for 60% of the 
cancers compared to only 34.8% of those 
discovered before age 50. Table 4 presents 
a breakdown of the frequency of occurrence 
of the various groups considered against 
age. 

There is a significant diminution in the 
number of women in the DY classification 
with increasing age: 22.4% in the 30-39 
age group compared to 4.9% in women 60 
years of age or more. Conversely, the num- 
ber of women in the P2 group increases sig- 
nificantly: 16.7% in the 30-39 age group 
compared to 36% of the women aged 60 
and more. Studies involving serial breast 
examinations over a long period of time 
explain these changing incidences (J. N. 
Wolfe, unpublished data). The dysplasias 


disappear with aging, and this occurs sig- 
nificantly during the 40-49 year interval. 
With the disappearance, the breasts are 
very often noted to be involved with a 
prominent duct pattern, frequently to a 
severe degree (P2). A lesser number of the 
DY group revert to Pi, and a few will 
change to Nr. The prominent duct pattern 
is not thought to be an evolutionary change 
but rather a pattern that has always been 
present but masked by the overshadowing 
densities of mammary dysplasia. 

Because of the change that occurs in the 
DY group with aging, a fifth group, QDY, 
should be employed for those women below 
age 40-45 whose degree of dysplasia is not 
severe. Studies show that their breasts 
may change dramatically at about the 
time of the menopause and revert to a lesser 
class of risk. If the dysplasia is very severe 
in the young woman, with large areas of 
homogeneous density, then the chances of 
that type of breast changing significantly 


TABLE 4 


Risk CLASSIFICATION BY AGE 
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AGE No. % No. % No % No % No. %7 
30-39 216 44.1 32 16.7 82 16.9 IIO 22.4 490 99.9 
40-49......... 18g 23.9 159 20.1 258 42.6 186 D oe 792 IOO. I 
50-59. . 103 24.4 144 33.9 152 35.9 24 5.6 423 99.8 
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are far more remote and the DY classifica- 
tion may be utilized despite the young 
age (fig. 3B). 

A similar but less dramatic change occurs 
between the Nr and Pi groups. The N1 
group includes breasts with minimal de- 
grees of mammary dysplasia, often located 
in the subareolar area. When this recedes 
as the patient grows older, minor involve- 
ment of the breast with a prominent duct 
pattern is frequently revealed. The N1 
group constitutes 44.1% of the 30-39 age 
group but only 23.6% of the women aged 
60 or more. Conversely, P1 changes from 
16.7% in the young age group to 35.6% in 
those aged 60 or more. However, the N1 
group does not become P2 or DY. Similarly, 
P2 does not become N1, Pi, or DY. 

The smaller number of patients in the N1 
category at the older age levels is influenced 
greatly by the fact that this study does not 
encompass a cross section of the popula- 
tion. Rather the figures are from a sympto- 
matic population referred, for the most 
part, for palpable breast disease. A group 
which more closely resembles a cross sec- 
tion of the general population reveals only 
a 15% decrease in the Nı group over the 
years compared to the 30% drop noted 
here [4]. 


Projected Risk 


Figures for projected risk can be calcu- 
lated for the lifetime of the entire study 
population, but more significant data are 
derived from analysis of certain age groups 
and classifications. For example, the pro- 
jected risk for the DY group in the 40-59 
age group is as high as 464 breast carci- 
nemas per 1,000 women. This can be com- 
pared to the risk in other groups and in the 
general population. 

For the study group, the average time 
for effective follow-up is considered 3 vears. 
However, the effectiveness of follow-up was 
significantly less than 100% (estimated at 
75%). The incidence in the general popula- 
tion is taken as 6.6% for lifetime risk. The 
study also indicates that 15% of the breast 
cancers developed before the age of 40, and 
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TABLE 5 
ProyEcreED Risk 
Ni Pi P2 DY Total 
No. Studied 
Study isss; 2,100 1595 1,575 364 5,284 
Study 2..... 561 465 573 agg 7.690 
Totala 22781 13836 1,048 605 °F, 214 
Incidence (%) 
Study 1.... 0.14 0.52 1.96 5§.22 1.06 
Study cs O17 0:0 r.2 4.6 1.04 
Totilo Oitas 0-380 1.745 4.460 1.053 
Rate per 1,000 in 3 Years 
Sudy Tica Td 2 i696 3,2 10.6 
Se 2.1 BEF O 12.0 36.0 10.4 
Total... Tah 4.85 Daf a4. 10,5. 








that fact is used in some of the computa- 
tions. 

A summary of the risk observed in the 
two studies and their combination can be 
seen in table 5. The similarity of incidence 
(1.06% and 1.04%) is evident. The rate per 
1,000 women over a 3-year period reveals a 
ratio of 31:1 for DY compared to Ni. A 
more significant comparison is the pro- 
jected risk over remaining lifetime for the 
DY and Nı groups. Table 6 presents these 
data for the 40-59 age group, since this is 
the peak period for breast cancer in the DY 
classification. The average age of the DY 
group was 46 years, the average time of 
follow-up considered 3 years, and the an- 
ticipated life span 70 years. The projected 
risk for the DY group is very high: 464/ 
1,000 and 432/1,000, respectively, and 
448/1,000 for the two studies combined. 
This figure must be tempered with the 
knowledge that follow-up information 1s 
probably about 75% inclusive. For the N1 
group, the projected risk was low: 19/1,000 
and 25/1,000, respectively, and 20/1,000 
for the two studies combined. The ratio to 
DY was 1:22. Average age of the Ni group 
was 48. 
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TABLE 6 


ProyecreD Risk ror Groups DY anp Ni 














Projected 
Risk to 
No. Inci- Age 70 
No. Average Can- dence/3 (per 
Group Studied Age cers Yr(% 1,000) 
DY: 
Study 1.... 242 46 14 5.8 464 
Study 2.... 221 46 12 ee 432 
Total.... 463 46 26 5.6 448 
Ni: 
Study I.s.: 1,138 48 3 0.26 19 
Study 2.... 292 48 I 0. 34 25 
Total...; tjajo0 48 4 0.28 20 





Norte.—Data for the 40-59 age group. 


The N1+P1 combination is broadly con- 
sidered as low risk, whereas DY+P2 is 
high risk. A comparison between them re- 
veals similar significant differences of pro- 
jected risk over expected life span but 
slightly less dramatic (1:6) than that ob- 
served in the comparison between DY and 
Nı alone (table 7). 

The figures for the general population 
can be derived as follows. Assuming 15% of 


TABLE 7 


ProyecteD Risk For Groups P2 AND 
DY anp Groups NI anp Pi 











Projected 
Risk to 
No. Inci- Age 70 
No. Average Can- dence/3 (per 
Group Studied Age cers Yr (%) 1,000) 
P2 and DY: 
Study t;s: 1,415 $0 39 2.76 184 
Study 2.... 712 49 17 2.39 89 
Total... 2,223 $6 56 2.64 176 
Ni and Pt: 
Study I.... 1,019 49 6 0.59 4I 
Study 2.... 595 49 I 0.16 30 
Total... %)614 40 7 0.43 30 








Nore.—Data for the 40-50 age agroup. 
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TABLE 8 


PROJECTED LIFETIME RISKS FOR 40-59 AGE Group 





Projected Risk for 
Remainder of Lifetime 





Group (per 1,000) 
a E PERERA NE E EE S ETA 20 
General population............ 56 
BBs Nie ota Bh EEEE 448 
OPA E PE E cadeveawey 30 
POPE PETNE AE, J 176 





the cancers occur before the age of 40 and 
assuming the lifetime risk for all women is 
6.6%, the projected lifetime risk for the 
general population is 66/1,000. For the 
general population above the age of 40, the 
risk is 56/1,000. Table 8 summarizes pro- 
jected lifetime risks for the 40-59 age 
group in the various categories. 

Table 9 shows the projected risk for the 
DY group by age. The numbers in some 
Instances are small, but in general there is 
fair agreement between the two studies. A 
detailed comparison with the Ni group is 
unnecessary since the total expected inci- 


TABLE 9 


ProjecreD Risk ror DY Group BY AGE 











Projected 
Risk for Re- 
Inci- mainder of 
No. No. dence/ 3 Lifetime 
Age Studied Cancers Yr (%) (per 1,000) 
39-39: 
Study 1.. 120 5 4,99 490 
Study 2.. 100 O O O 
Total.. 330 5 s 175 
49-49: 
Study 1.. 204 9 rP 367 
Study 2.. 186 9 4.8 400 
Total.. 390 18 4.6 383 
50-59: 
Study 1.. 25 25 20 I , O00 
Study 2.. 24 24 12.8 62 
Total.. 49 49 16.3 815 
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dence of cancer in the Nr group for these 
ages is only 10/1,000 women. 


CONCLUSION 


Two retrospective studies have demon- 
strated the ability to isolate from the gen- 
eral population those women who are most 
likely to develop breast cancer. These 
women have a prominent duct pattern or 
mammary dysplasia with or without ele- 
ments of a prominent duct pattern. The 
fermer is important no matter what age, 
whereas the latter, although important in 
women between 30 and 39, becomes ex- 
tremely significant after that age. 

The identifieation of two factors, promi- 
nent duct pattern and mammary dysplasia, 
which have some age specificity suggests 
perhaps the existence of “two types” of 
breasts prone to cancer. It seems unlikely 
that these two types of breasts “degenerate” 
into cancer; rather, it is possible that the 
stimulus for the development of cancer also 
produces the prominent duct pattern and 
acts to prevent the normal regression of 
mammary dysplasia. 

While the correlation of these risk factors 
with other items of risk such as nulliparity, 
age, and family history is incomplete, it 
does not appear to follow precisely. That is, 
some women in the low risk groups are 
nulliparous or have a family history of 
breast cancer, and others in the high risk 
groups are multiparous, young, and have 
ne family history of breast cancer. 

The classifications presented have two 
applications. First, the symptomatic woman 
in a high risk group should be watched very 
carefully for the development of breast 
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cancer. This should include proper instruc- 
tion in breast self-examination, routine 
physical examination, and mammography. 
Subcutaneous mastectomy may be the 
treatment of choice in some. For instance, 
a small breasted 50-year-old woman with a 
firm classification of DY might be well 
treated by this procedure. Her projected 
chances of developing breast cancer are 
nearly one in two. Pathologists must de- 
velop methods to determine whether these 
women have breast cancers at the time of 
subcutaneous mastectomy; the usual speci- 
men examination is insufficient. 

The other broad application should be in 
routine screening programs. The task of 
examining the entire female population for 
breast cancer on a regular basis is formida- 
ble. It would be much better if a decision 
were made as to whether detection of 75% 
of the cancers in 20%-25% of the popula- 
tion is sufficient or whether figures such as 
95% in 45% of the population or even 50% 
of the cancers in 10% of the population are 
sufficient. These distributions are thought 
to be attainable by the proper selection of 
criteria. 
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RADIOGRAPHIC VISUALIZATION OF LEFT 
VENTRICULAR ANEURYSMS ON 
LATERAL CHEST FILM 


RicHarD D. KirrrepcGe,! BENJAMIN GAMBoa,? AND Harvey G. Kemp? 


ABSTRACT: 


The diagnosis of left ventricular aneurysm on routine chest examination can be 
elusive. Six cases are presented which illustrate a radiographic sign not previously 
emphasized: a soft tissue border seen retrosternally or superiorly 6n lateral chest 
film produced by the wall of the aneurysm silhouetting against the midline cardiac 
shadow. This sign is not always present since it is dependent on the direction of 
projection of the aneurysm. However, when observed, it should suggest the proper 


diagnosis. 


As the precise radiographic visualization of 
the left ventricle by cardiac catheterization 
becomes routine in evaluation of coronary 
artery occlusive disease, so the elusive left 
ventricular aneurysm diagnosis by routine 
chest x-ray becomes painfully obvious 
[1, 2]. We have defined left ventricular 
aneurysm as a permanent abnormal blood- 
filled dilatation of the left ventricular 


chamber resulting from disease of the wall. 
This follows directly from the Greek word 
aneurysma (to dilate). In all our cine stud- 
ies the aneurysm does not contribute to 
muscular contraction during systole; there- 
fore, it does not empty and is clearly seen 
to pool contrast material. It may or may not 
demonstrate paradoxical activity [3], but 
it is clearly discrete and saclike in con- 


TABLE 1 


PATIENT DATA 








Case No. Age (Yr) MI CHF Electrocardiogram 

ENN 57 2 Mild Anteroseptal infarction, left 
atrial enlargement, possible 
left ventricular aneurysm 

2 56 I Mild Diaphragmatic and anteroseptal 
infarction 

E NEENA 44 I Moderate Anterolateral infarction, possible 
left ventricular aneurysm 

r PETET te I Moderate Extensive anterior infarction, 
possible left ventricular aneu- 
rysm 

5 44 I Moderate Anterolateral infarction, possible 
left ventricular aneurysm 

Cardin ah 53 I Absent Old diaphragmatic infarction, 


anterolateral infarction, possi- 
ble left ventricular aneurysm 





Note.—All subjects were male and all had angina. 


Hemodynamic Data 





Biventricular failure, LVEDP 
21 mm Hg, cardiac index 
slightly reduced 

LVEDP 19 mm Hg, normal right 
heart pressure, cardiac index 
normal 

Moderate left ventricular fail- 
ure. LVEDP 18 mm Hg, 
cardiac index reduced 

Left ventricular failure, LVEDP 
24 mm Hg, slightly reduced 
cardiac index 

Left ventricular failure, LVEDP 
29 mm Hg 

Left heart pressure slightly ele- 
vated, LVEDP 14 mm Hg, 


cardiac index low 





! Department of Radiology, St. Luke’s Hospital Center, College of Physicians and Surgeons, Columbia University, 114th Street and 
Amsterdam Avenue, New York, New York 10025. Address reprint requests to R. Kittredge at St. Luke’s Hospital. 
? Department of Cardiology, College of Physicians and Suregons Columbia University, and St. Luke’s Hospital Center, New York, 
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LEFT VENTRICULAR ANEURYSMS 
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Fic. 1.—Case 1. 4, Frontal chest film showing normal cardiac contour except for slight cardiac fullness. 
Note faint calcification of left ventricular border laterally (arrow). B, Lateral chest film showing anterior cres- 
cent shaped calcification of left ventricular aneurysm projected in retrosternal position (arrow). Iz is in 
fact in outer anterior left hemithorax. 


figuration and is easily distinguished from 
akinetic segments of heart wall by its char- 
acteristic shape, the pooling and stagnation 
af blood, and the complete loss of normal 
heart muscle activity. 

Chest x-rays often do not suggest ven- 
tricular wall abnormalities, even when as 
much as 50% of the left ventricle chamber 
is aneurysmal [1]. Irregularity of cardiac 
contour is often absent. Calcification of 
myocardium is uncommon. An enlarged 
heart is often seen with left ventricular 
aneurysm but is so common without 
aneurysm that it becomes insignificant as 
a radiographic finding. 

A radiographic sign of left ventricular 
aneurysm not previously reported is a soft 
tissue margin seen retrosternally or supe- 
riorly on lateral chest film. This is produced 
by the border of an aneurysm silhouetting 
against the midline cardiac shadow. The 
localized bulge of the aneurysm loses con- 
tinuity with the normal line of the left 
ventricular wall silhouette, especially if the 
aneurysm involves the anterolateral or 
superior portions of the left ventricle and is 
therefore seen as an additional superim- 


posed border. This report demonstrates the 
above described sign in its most obvious 
and more subtle forms. Two calcified 


aneurysms are included as visual aids so 





Fic. 2,—Case 1, left ventricular cine angiography 
in left anterior oblique projection showing ventricular 
diastole. Peripheral calcification again seen anterior 
and lateral in aneurysmal wall (arrow). 
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Fic. 3.—Case 2. Æ, Lateral projection showing clearly defined calcific rim (arrow) involving left ventricular 
border laterally and anteriorly. This projects retrosternally just posterior to anterior border of midline 
cardiac shadow but is in fact in outer anterior left hemithorax. B, Left ventricular cine angiography in right 
anterior oblique projection showing large ventricular aneurysm involving distal half of ventricle (arrows). 
Calcific rim seen at apex of aneurysm (open arrow). 


that the noncalcified aneurysm border seen with clearly identifiable borders. A sum- 
only as a linear soft tissue border will be mary of patient data is shown in table 1. 


better appreciated. l 
ii Calcified Aneurysms 


DEMONSTRATION OF SIGN Cases 1 and 2 show faint calcifications in 


All six cases presented had aneurysms frontal projection and anteriorly placed 





Fic. 4.—Case 3. 4, Frontal chest film showing irregular left ventricular contour with bulge superior later- 
ally strongly suggesting aneurysm formation (arrow). B, Lateral chest film showing superior anterior density 
(arrow) representing anterior superior margin of left ventricular aneurysm in left hemithorax silhouetting 
against midline cardiac shadow. 


LEFT VENTRICULAR ANEURYSMS 


crescent-shaped calcification on lateral 
chest film (figs. 1 and 34). This calcium 
was in the anterolateral and apical walls of 
the left ventricular aneurysms proven on 
angiography (figs. 2 and 38). These two 
cases demonstrate the position that a 
calcified anterolateral border of an aneu- 
rysm can assume on lateral chest film. 
Although considerably to the left of mid- 
line, they project quite far anteriorly in a 
retrosternal position against the midline 
cardiac shadow. 


Uncalcified Aneurysms 


Cases 3 and 4 show prominent aneurysms 
bulging laterally and superiorly (figs. 4-6). 
These are the most obvious examples of 
aneurysm silhouetting against the midline 
cardiac shadow. The silhouetting phe- 
nomenon occurs as the aneurysm loses its 
smooth, continuous border with the ven- 
tricular wall due to localized bulging supe- 
riorly. This localized bulge surrounded by 
lung in the left hemithorax develops a 
clearly discernable border as it projects on 
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Fic. 5.—Case 3, left ventricular cine angiography 
in right anterior oblique projection showing large 
ventricular aneurysm involving distal half of left 
ventricle. Bulging superior border of aneurysm 
causes silhouette as seen on lateral projection 
(arrow). Ventricle is in late systole. 


lateral film against the midline cardiac 
shadow. 

Cases 5 and 6 demonstrate the more 
subtle manifestations of the sign. The 





Fic. 6.—Case 4. 4, Frontal chest film showing large cardiac contour with prominent left ventricular 
border extending to lateral chest wall. B, Lateral chest film showing superior anterior density (arrow) indi- 
cating superior lateral border of left ventricular aneurysm. 
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Fic. 7.—Case 5. 4, Frontal chest film showing normal cardiac contour except for slight bulging along 
left ventricular border (arrow) easily minimized in routine chest interpretation. B, Lateral film showing 
density silhouette approximately 1 cm from inner sternal margin (arrow) representing anterior lateral margin 
of ventricular aneurysm in left hemithorax surrounded by lung and silhouetting against midline cardiac 
shadow. C, Enlarged view of lateral projection showing to better advantage profile of aneurysm (arrow). D, 
left ventricular cine angiography in right anterior oblique projection in late systole demonstrating large left 
ventricular aneurysm involving distal half of left ventricle and apex (arrow). Irregularity along lateral margin 
suggests clot formation. 


aneurysm bulges laterally and anteriorly film in a retrosternal position (figs. 7 and 8). 
in the left hemithorax. As the aneurysm The position is similar to that of the calcifi- 
loses its smooth, continuous line with the cation of the first two aneurysms described. 
left ventricular wall, it develops a dis- 
cernible border which silhouettes against 
the midline cardiac shadow on lateral chest The cases presented demonstrate specific 


DISCUSSION 
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Fic. 8.—Case 6. 4, Lateral chest film showing density silhouette approximately 1 cm from inner sternal 
margin (arrow) representing anterior lateral margin of left ventricular aneurysm in left hemithorax projecting 
against the midline cardiac shadow. Frontal chest film showed fairly normal cardiac contour. B, Enlarged 
view of inner sternal margin on lateral film showing to better advantage density silhouette (arrow) represent- 
ing anterior lateral margin of left ventricular aneurysm. 


types of aneurysm formation of the left 
ventricle. The less prominent the aneurysm, 
the less will be the loss of continuous left 
ventricular border and consequently the 
more difficult it will be to see an additional 
border silhouetting on the lateral chest 
film. 

However, the sign depends more upon 
the shape of the aneurysm and its direction 
of protrusion than its actual size. An 
aneurysm of the anterolateral wall that 
bulges anteriorly and somewhat laterally 
will more likely develop a radiologically 
visualize q border projecting retrosternally 
in position on lateral chest film than a 
diaphragmatic aneurysm which would have 
a tendency to project downward and blend 
with the diaphragmatic shadow. The an- 
terolateral bulge can be well documented 
during coronary arteriography with the 
typical bowing forward of the left anterior 
descending artery, if patent, as 1t traverses 
the interventricular groove. Similarly, an 
aneurysm of the lateral free wall of the left 
ventricle bulgmg superiorly will rapidly 
develop a radiographically visualized bor- 


der as it projects against the base of the 
heart. 

The characteristic of an aneurysm to 
produce irregularity and a bulgelike protru- 
sion of the cardiac contour has long been 
described as one of the classic findings on 
frontal chest film. The contour abnormality 
silhouettes against the lung and is clearly 
discernable. However, on lateral chest film 
the aneurysm margin is not as easily seen 
since it must be viewed overlying soft tissue 
rather than lung. 

The frequency of this sign in angio- 
graphically proven aneurysms depends en- 
tirely on the direction of aneurysm forma- 
tion. The aneurysms that involve the apex 
only and protrude laterally only or down- 
ward toward the diaphragm will not pro- 
duce borders seen on lateral film. How- 
ever, if the direction of the protrusion 1s 
anterior, anterolateral, or superior, it 1s our 
experience that at least 50% of the cases 
will show an abnormal border on lateral 
chest film. 

Clinical correlation (table 1) was signifi- 
cant in that patients showed moderate 
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and two patients showed mild evidence of 
congestive heart failure; (only one patient 
was relatively free of failure). Significant 
angina was present in all patients. 
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THE CHEST X-RAY IN ACUTE LEFT VENTRICULAR 
POWER FAILURE: AN AID TO DETERMINING 
PROGNOSIS OF PATIENTS SUPPORTED BY 
INTRAAORTIC BALLOON PUMPING 


Puitip N. CascaDeE,! ADRIAN KANTROWITz,? WALDEMAR J. WajszczuK? anb MELvyn RUBENFIRE? 


ABSTRACT: 


Serial chest x-rays were used as a means of evaluating the hemodynamic status 
of 43 patients in acute left ventricular power failure (LVPF) complicating acute 
myocardial infarction who were assisted with balloon pumping. The following find- 
ings were reported: 

1. In patients with acute myocardial infarction, prediction of the hemodynamic 
status on the basis of chest x-rays is less reliable when severe LVPF is present as a 
complication. 

2. The incidence and severity of roentgenographic findings of congestive heart 
failure and pulmonary edema are increased in patients with severe LVPF compared 
to patients with uncomplicated myocardial infarction. 

3. Improvement in the roentgenographic degree of heart failure with positive 
clinical and hemodynamic responses to 24 hr or less of balloon pumping is an indica- 
tion that patients in severe acute LVPF may survive. Patients with deteriorating 
or unchanging chest x-ray findings have an extremely poor prognosis. These patients 
should be evaluated by cardiac catheterization and coronary arteriography to deter- 


mine the appropriateness of emergency surgical correction. 


Chest roentgenograms have been used in 
assessing hemodynamic status and in fol- 
lowing sequential cardiovascular changes of 
petients with acute myocardial infarction 
[1-9]. Serial chest roentgenograms have 
been used as one means of evaluating the 
hemodynamic status of patients in acute 
lett ventricular power failure (LVPF) [10] 
complicating acute myocardial infarction 
who require support by intraaortic balloon 
pumping [11-13]. This study was designed 
to demonstrate the spectrum of chest x-ray 
findings in these patients and to determine 
whether serial chest x-ray changes can be 
used as a guide to prognosis. 


SUBJECTS AND METHODS 


Krom 197I to 1974, 43 patients in acute 
LVPF complicating acute myocardial infarc- 


tion were assisted by balloon pumping. Physio- 
logic findings in all cases fit the following cri- 
teria: central aortic systolic pressure below go 
mm Hg or, in previously hypertensive patients, 
no more than 75% of the prior level; urine out- 
put less than 30 ml/hr; rales in the lungs; usu- 
ally an S; gallop and sinus tachycardia; and 
arterial hypoxemia. In all cases the cardiac in- 
dex before pumping was less than 2 liters/min 
per square meter and the arteriovenous oxygen 
differential was greater than 6 vol/1oo ml. The 
patients were usually obtunded, had cold 
clammy skin and cyanosis, and often required 
mechanical respiratory assistance. The average 
age of the patients was 57.5 years; 35 were 
males and eight were females. Of the 43, 32 had 
histories of hypertension and diabetes, with or 
without arteriosclerotic heart disease. In 16 pa- 
tients LVPF developed within 12 hr of admis- 
sion to the hospital; the remaining patients had 
delayed onset of LVPF. 
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Fic. 1.—A, AP portable chest roentgenogram obtained immediately following insertion of intraaortic 
balloon pump demonstrating presence of interstitial and alveolar pulmonary edema. B, Marked improvement 
24 hr later in degree of heart failure. Balloon pump remains in position (arrow) within descending thoracic 
aorta. 


All patients were treated with combinations 
of drugs such as digitalis preparations, diruretics, 
antiarrhythmic agents, and vasoactive sub- 
stances. The duration of balloon pumping 
ranged from 2 hr to 61 days; 65% of the pa- 
tients were assisted for periods of 3 days or less. 

Portable chest x-rays were taken at the onset 
of LVPF, following insertion of the balloon 
pump, and at 12-24 hr intervals during the 
acute phase of the illness. Subsequent films 
were made at longer intervals. For initial ex- 
posures, the patients were erect or semierect; 
follow-up films were made with the patient 
sitting, semierect, or supine depending on the 
degree of restriction of patient mobility. Ex- 
posure factors varied from 5 to 20 mA and from 
65 to 85 kVp. The tube-film distance for up- 
right films was 72 inches. Films of supine pa- 
tients were taken at the maximum obtainable 
distance (approximately $0 inches). Each film 
was examined to detect radiographic evidence 
of heart failure. 

The severity of heart failure was categorized 
as pulmonary venous hypertension without 
edema, interstitial pulmonary edema, or al- 
veolar pulmonary edema. These categories were 
defined on the basis of the appearance of the 
pulmonary vasculature and the presence or ab- 
sence of pulmonary parenchymal changes. 
When a film included radiographic signs of 
more than one of the categories, it was assigned 
to the most severe group. 

1. Pulmonary venous hypertension. A change 
in the normal distribution of blood flow to the 
lungs as reflected by increased caliber of the 
upper lobe vessels. Supporting this diagnosis 


were accompanying cardiomegaly, pleural ef- 
fusions, or distension of the azygous vein. 

2. Interstitial pulmonary edema. The radio- 
graphic presence of Kerley A, B, and C lines, 
diffuse haziness in the lung bases and in the 
perihilar regions, perivascular fluid (demon- 
strated as blurring of the margins of the pul- 
monary vessels or “‘cuffing’’), and peribronchial 
edema (manifested as thickening of the bron- 
chial walls). 

3. Alveolar pulmonary edema. The appear- 
ance of “fluffy” pulmonary infiltrates. 

Serial films of each patient were compared 
with the initial flm in order to determine im- 
provement (fig. 1), lack of change, or deteriora- 
tion (fig. 2) of the hemodynamic status. These 
assessments were then correlated with the pa- 
tient’s clinical course. The factors considered 
included clinical outcome (survival or death), 
temporal relationship of infarction and onset of 
circulatory collapse, and interval from diag- 
nosis of LVPF to initiation of balloon pumping. 
The radiographic changes in response to the 
pumping were also correlated with clinical and 
hemodynamic changes in each patient. The 
hemodynamic response to balloon pumping was 
considered positive when the systolic brachial 
artery pressure was stabilized, mean pulmonary 
capillary wedge and pulmonary artery pressures 
were substantially reduced, and the cardiac out- 
put increased. The clinical response was con- 
sidered positive when mentation had improved, 
skin color had returned to normal with cessa- 
tion of diaphoresis, vasopressor dosage could be 
progressively reduced, and weaning of the pa- 
tient from the balloon pump could be started 
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Fic. 2—4, AP portable chest roentgenogram obtained before insertion of intraaortic balloon pump 
demonstrating loss of margination of lung roots indicating interstitial pulmonary edema. B, Roentgenogram 
after 24 hr of balloon pumping demonstrating increased interstitial pulmonary edema and infiltrates of 


alweolar pulmonary edema. 


within the first 24 hr. 


RESULTS 


Of the 43 patients studied, 15 presented 
radiographic findings of alveolar pulmonary 
edema, Ig of interstitial pulmonary edema, 
and nine of pulmonary venous hypertension 
without edema. No correlations were found 
between initial chest x-ray appearance and 
factors such as age, presence or absence of 
previous myocardial infarction or hyper- 
tension, delay in onset of LVPF, or delay 
In initiating intraaortic balloon pumping 
following the diagnosis of LVPF (table 1). 
No significant differences were found (P= 
.05) in initial baseline hemodynamic mea- 


surements for patients in any of the three 
roentgenographic grades of heart failure 
(table 2). 

The survival data were analyzed from 
several clinical standpoints. In all, 12 pa- 
tients survived for an overall rate of 28%. 
Three of eight patients (37%) who had 
emergency cardiac surgery in an attempt 
to reverse LVPF survived, whereas nine of 
35 (25.7%) who had balloon pumping with- 
out surgery survived. The survival ratio of 
patients with immediate onset of LVPF 
(less than 24 hr following clinical signs and 
symptoms of acute myocardial infarction) 
was higher than for those with delayed on- 
set, and the survival ratio was also higher 


TABLE 1 


RELATIONSHIP OF INITIAL RADIOGRAPHIC APPEARANCE OF CHEST AND HISTORY 




















Pulmonary Venous 








Init1aL Cuest X-ray FINDING 








Interstitial Pulmonary Alveolar Pulmonary 





History Hypertension Edema Edema 
Noepa 6.6 65 decane dead es 9 19 15 
Average age (range)............. 58.0 (34-73 58.0 (41-77) 56.5 (34-69) 
Previous myocardial infarction... . 2 (22) 5 (26) 6 (40) 
Hypertension................... 4 (44) 5 (26) 6 (40) 
LVPF: 
Immediate onset.............. 2 (22) 9 (47) 5 (33) 
Delayed onset................ 7 (78) 10 (53) 10 (67) 





Nere.—Numbers in parentheses are percentages. 
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TABLE 2 


RELATIONSHIP OF INITIAL CHEST X-RAY FINDING AND HEMODYNAMIC MEASUREMENTS 


Initial X-ray Finding 


Pulmonary venous hypertension........... 
Interstitial pulmonary edema................ 
Alveolar pulmonary edema.................. 


COUN i 6b ack da E obs Kea eek 


Pulmonary venous hypertension.............. 
Interstitial pulmonary edema................ 
Alveolar pulmonary edema................... 


Compe. ei dcedwcias wewavn vad wbewheeb oes 


X SD 





Coefficient of 


Range Variation (%) 


Systolic Brachial Artery Pressure 


76.67 15.61 45 20.36 
64.42 25.29" 104* 50.12 
75.85 26.62" jog" KK P. 
70.73 37.40" 104* 38.72 


Pulmonary Capillary Wedge Pressure 








Pulmonary venous hypertension.............. 
Interstitial venous hypertension.............. 
Alveolar pulmonary edema.................. 





Combined os x fusca ed ddecds bee issctasianes 





27.60 8.91 19 32.26 
25.36 8.76 28 34.82 
27.78 8.96 27 49.94 
26.68 8.56 28 32.09 
Pulmonary Artery Pressure 

33.22 10.50 28 31.60 
30.61 9.29 44 30.34 
33-42 7.96 39 Pe I 

.08 g.O1 44 28.08 


Nore.—Values shown are bedside hemodynamic measurements at onset of LVPF (mm Hg). 


* Values large because measurements contained values of zero. 


when balloon pumping was started im- 
mediately. However, the differences in sur- 
vival in these groups could not be shown 
to be statistically significant. 

There was no significant difference (P > 
.0$) in survival among patients in the three 
roentgenographic levels of heart failure as 
determined on the initial chest x-ray ex- 
amination (table 3). 

Serial changes in the x-ray appearance of 
pulmonary vessels and parenchymal i 
filtrates were correlated with survival 
(table 4). Patients whose outcome was in- 
fluenced by cardiac surgery were excluded 
from this evaluation. Among patients 
whose chest x-rays improved within 24 hr 
of initiation of balloon pumping, the sur- 
vival rate was 63.6%. This survival figure 

was significantly higher than the 8% rate 
among patients with unchanging X-rays 
(P <.001) or the 10% survival rate in those 
patients who demonstrated roentgeno- 


graphic deterioration in the first 24 hr 
(P=.005). Two patients did not survive 
long enough for a follow-up chest x-ray. 
All nine patients who survived without 
surgical intervention sustained rapid hemo- 
dynamic and clinical improvement after 
initiation of balloon pumping, although 
only seven improved radiographically. In 
the two patients who did not have immedi- 
ate chest x-ray improvement, the radio- 
graphic findings improved after 48 hr of 
circulatory assistance. Of the 24 patients 
who did not have surgery and died but sur- 
vived long enough for follow-up films, only 
four had rapid x-ray improvement. Onset 
of LVPF was delayed in all four, and in 
three initiation of balloon pumping was 
also delaved. These three patients improved 
roentgenographically in the first 24 hr but 
either deteriorated or did not manifest fur- 
ther improvement on subsequent films and 
remained in alveolar or interstitial pulmo- 
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nary edema until death. In one patient who 
had cerebral damage following multiple 
episodes of ventricular fibrillation, a bal- 
loon pump was inserted rapidly, roentgeno- 
graphic and hemodynamic improvement 
ensued, but the patient eventually died of 
noncardiac causes after being weaned from 
the balloon pump, never having recovered 
from a state of deep coma. Two patients 
sustained hemodynamic and clinical im- 
provement but did not improve radio- 
graphically. They were weaned from the 
balloon pump but subsequently relapsed 
into severe LVPF and expired. 


DISCUSSION 
Reentgenographic Evaluation of LV PF 


That chest roentgenographic findings cor- 
relate relatively accurately with cardiac 
hemodynamic status has been established 
[14-17]. Several investigators have reported 
series of cases in which there was good cor- 
relation between hemodynamic data and 
the chest film following acute myocardial 
infarction [6, 7]. When left ventricular end- 
diastolic pressure is elevated, a concomitant 
rise in pulmonary capillary wedge pressure 
is reflected by pulmonary vascular changes 
as visualized on the chest x-ray. Mean 
wedge pressures in the range of 15-18 mm 
Hg give rise to constriction of vessels in the 
lung bases with a resultant increase in flow 
to the upper lobes. When the mean wedge 
pressure begins to exceed the colloid os- 
motic pressure of normal serum (22-30 mm 


TABLE 3 


RELATIONSHIP OF INITIAL CHEST X-RAY 
FINDING AND SURVIVAL 











SURVIVAL 
INITIAL CHEST X-RAY 
FINDING No. % DEATH 
Pulmonary venous hyper- 
PASION. fcc ctanwieawas ] 99.3 + 
Interstitial pulmonary 
Lt Eee E 37.5 9 
Alveolar pulmonary edema 2 16.6 IO 
CSc) EE E E 9 26.4 


26 





Nere.—Patients who underwent cardiac surgery are excluded. 
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TABLE 4 


RELATIONSHIP OF SEQUENTIAL CHEST X-RAY 
FInDINGs, RESPONSE TO BALLOON 
PUMPING, AND SURVIVAL 











Response to BALLOON 





Pumpinct 
SEQUENTIAL CHEST 
X-ray Finpinc* + — ToTAL 
Improved: 
Survivors. ... F O 7 (63.6) 
Deaths...... 2 2 4 
No change: 
Survivors.... I O I (8.3) 
Deaths....... 2 9 II 
Deterioration: 
Survivors. ... I O I (10) 
DST a. E O 9 9 





Nore.—Data excludes eight patients who underwent cardiac 
surgery. Numbers in parentheses are percentages. 

* Determined by comparison of chest x-ray before and after 24 
hr of balloon pumping. 

f Ability to reduce the dose of vasopressors and wean from the 
support of balloon pumping. 


Hg), plasma transudates begin to collect in 
the interstitial tissues of the lungs. This 
interstitial fluid is shown on the x-ray as 
Kerley A, B, and C lines, perivascular 
blurring or “‘cuffing,” loss of margination of 
the lung roots, and bronchial wall thicken- 
ing. Transudate accumulates in large 
amounts in the interstitial and alveolar 
compartments of the lungs when mean 
wedge pressures are elevated above 25-28 
mm Hg. This produces the x-ray picture of 
alveolar pulmonary edema. 

Measurement of the cardiac silhouette 
size is another adjunct in the evaluation of 
left ventricular performance. However, 
Stein et al. [18] have shown that cardiac 
size should be considered only secondarily 
in evaluating the presence of left ventricu- 
lar failure, since 24% of their patients had 
mild to moderate elevation of the pulmo- 
nary capillary wedge pressure in the face of 
a normal transverse cardiac diameter. The 
presence of pleural effusions is a rough in- 
dicator of the presence of left ventricular 
failure but does not accurately quantitate 
the degree of congestive heart failure [4]. 

There are difficulties in estimating left 
ventricular failure from chest x-rays alone, 
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especially in patients in whom upper lobe 
pulmonary vascular distention is the only 
indicator of failure. The portable technique, 
recumbent or semirecumbent position, poor 
degree of inspiration, and the general clini- 
cal situation all contribute to the difficulty 
in estimating the degree of cardiac failure. 
However, when the failure is severe enough 
to produce pulmonary edema, the diagnosis 
becomes more definite. 

Other investigators [5, 7, 19] have re- 
ported that changes in chest x-ray findings 
may fail to parallel the changes in the pa- 
tients hemodynamic status. This “‘diag- 
nostic lag? is not surprising, inasmuch as 
hemodynamic measurements performed di- 
rectly in the vascular space reflect only one 
moment in time, whereas the roentgeno- 
graphic estimation of cardiovascular status 
is based upon changes in the lung fields 
which evolve more slowly and represent 
cumulative effects of hemodynamic events 
of recent hours and days. 

The severity of the chest x-ray abnor- 
malities is less directly correlated with the 
degree of dysfunction as determined by di- 
rect hemodynamic measurement in pa- 
tients with acute myocardial infarction 
complicated by severe LVPF than in those 
without LVPF. Our study failed to demon- 
strate any statistical difference in the mean 
systolic brachial artery pressures, mean 
pulmonary capillary wedge pressures, or 
mean pulmonary artery pressures among 
patients with pulmonary venous hyperten- 
sion or interstitial or alveolar pulmonary 
edema. A clinical discrepancy between the 
degree of congestive heart failure and the 
severity of hemodynamic measurement ab- 
normality has been noted by others [6, 20, 
21]. In particular, low, normal, or severely 
elevated left ventricular end-distolic pres- 
sures occur in patients with cardiogenic 
shock [21-23]. These pressure variations 
have been attributed to differences in left 
ventricular compliance or changing degrees 
of left ventricular dilatation perhaps re- 
lated to variations in rates of venous re- 
turn [20]. This variability of pressure ab- 
normality in the left ventricle in turn causes 
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inconsistent changes in the pulmonary vas- 
culature, which is an additional factor that 
reduces the predictability of pulmonary 
roentgenographic changes when patients 
meet criteria of LVPF. Nevertheless, rela- 
tive changes of improvement or deteriora- 
tion can be identified with certainty when 
radiographs are technically satisfactory. 


Chest X-rays in Acute Myocardial Infarc- 
tion and Severe LV PF 


Previous studies indicate that the x-ray 
incidence of congestive heart failure follow- 
ing acute myocardial infarction varies from 
55% to 76% [5, 7, 8]. The roentgenographic 
detection of mild pulmonary venous hyper- 
tension and early interstitial pulmonary 
edema is of particular significance since 
there are often no clinical symptoms or 
physical signs of heart failure [3, 4, 9]. The 
frequency of pulmonary edema has been 
reported to vary from 24% to 73%, with 
20% of the patients presenting in alveolar 
pulmonary edema. In our series of 43 pa- 
tients who fit criteria of severe LVPF, all 
were in congestive heart failure, 44% were 
in interstitial pulmonary edema, and 35% 
had deteriorated to the point of alveolar 
pulmonary edema. The higher percentage 
of x-ray abnormalities in this group prob- 
ably is correlated with their much poorer 
prognosis since patients in severe LVPF 
who are treated with conventional methods 
have a mortality rate estimated at 85%, 
whereas that of patients with uncompli- 
cated acute mvocardial infarction or in- 
farction complicated by congestive heart 
failure is 4% and 15%, respectively [24, 25]. 


Chest X-rays as Guide to Prognosis 


At present there is no accurate method of 
predicting which patients in LVPF sup- 
ported by intraaortic balloon pumping will 
survive. In general, patients whose positive 
response to balloon pumping is rapid and 
sustained, eliminating the need for vaso- 
pressors and permitting gradual weaning 
from the balloon pump, have the best 
chance of survival [10, 26, 27]. If the 
amount of viable, contracting myocardium 
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is inadequate to support the circulation, 
patients will respond less favorably or not 
at all. If it is not possible to stop or sub- 
stantially reduce the doses of adjunctive 
vasopressor drugs and if weaning from bal- 
loon support is not tolerated after 6-12 hr 
of pumping, then the likelihood of survival 
becomes remote (J. S. Krakauer, personal 
communication). 

Sequential imprevement in heart failure 
as assessed roentgenographically following 
12-24 hr of balloon pumping is evidence 
which suggests that myocardial reserve is 
adequate. This is borne out by the markedly 
higher survival rate in such patients com- 
pared to those who do not undergo such 
improvement. Conversely, those whose 
chest x-rays do not improve have a small 
chance of survival, probably because they 
lack a critical volume of contracting myo- 
cardium. In patients with delayed-onset 
LVPF or in whem balloon pumping is de- 
layed, the usefulness of the chest x-ray as 
a predictor of survival is diminished; sur- 
vival rates do not rise despite the docu- 
mented improvement on chest x-rays. The 
deleterious effects of delayed LVPF and 
delayed balloon pumping have been pre- 
viously reported [28-30]. 

The ability to predict survival on the 
basis of chest x-ray evaluation is closely re- 
lated to that based on an early positive 
clinical response to intraaortic balloon 
pumping. In seven patients who survived, 
the patients responded radiographically, 
clinically, and hemodynamically. Two pa- 
patients improved radiographically but did 
not respond clinically or hemodynamically 
and subsequently died. On the other hand, 
two patients responded clinically and hemo- 
dynamically but not radiographically, and 
after removal of the balloon pump they 
relapsed into LVPF and died. Two addi- 
tional patients were predicted to survive 
on the basis of all three factors but died, in 
one instance of noncardiac causes. The re- 
maining patients who died without surgery 
deteriorated gradually in radiographic, 
clinical, and hemodynamic regards despite 
balloon pumping. 
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Patients who do not exhibit rapid clini- 
cal, hemodynamic, and radiogr aphic re- 
sponses to balloon pumping should in our 
view be treated more aggressively. Our 
group as well as others [2, 16, 26, 31, 32] 
have reported increased survival rates in 
patients who undergo surgery for lesions 
demonstrated to be correctable at cardiac 
catheterization. When patients do not re- 
spond in the first 6 hr of diastolic assistance, 
or when weaning from balloon pumping is 
not completed in the first day, and if there 
is a lack of improvement on serial chest 
x-rays after 24 hr of pumping even though 
weaning has begun, then cardiac catheter- 
ization should be considered. 
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ABNORMAL LEFT VENTRICULAR CATHETER 
MOTION: AN ANCILLARY ANGIOGRAPHIC 
SIGN OF LEFT ATRIAL MYXOMA 


J. M. Rauscu,! R. T. Rernxe,! K. L. PETERSON} ano C. B. Hicorns! 


ABSTRACT: 


The normal motion of a left ventricular catheter parallels that of the aortic root; 
it moves anterior during systole and posterior during diastole. In contrast, a pro- 
lapsing left atrial myxoma causes paradoxical motion of the catheter; posterior 
during systole and anterior during diastole. Paradoxical motion was found in each 
of five cases of prolapsing left atrial myxoma (no false negatives), and in six out of 
61 controls (six false positives). In the false positive cases, the catheter was not 
positioned on the ventricular floor and usually only minor degrees of abnormal 
motion were present. Paradoxical motion of the left ventricular catheter is an ancil 
lary angiographic finding in prolapsing left atrial tumor. 


The initial angiographic diagnosis of a left 
atrial myxoma was made over 2 decades 
ago [1]. False positive diagnoses due to 
atrial thrombus [2] and false negative diag- 
noses due to inadequate opacification of 
cardiac chambers still occur [3]. A recent 
review of myxomas indicated that preoper- 
ative angiography failed to detect left atrial 
myxomas in three of 13 cases [4]. In recent 
years, echocardiography has greatly en- 
hanced diagnostic potential [5, 6], but it is 
still imperative to angiographically con- 
finm the diagnosis and define the anatomical 
relationships prior to surgical intervention. 
We have recently noted that the prolapsing 
atrial tumor may impinge on the left ven- 
tricular catheter during diastolic filling of 
the left ventricle and thereby provide the 
angiographer with an important clue to the 
presence of a left atrial myxoma during 
catheterization. 


SUBJECTS AND METHODS 


To assess specificity of left ventricular cathe- 
ter motion in left atrial myxoma, 61 adult pa- 
tients undergoing left ventricular catheteriza- 
tion were evaluated. Five had left atrial myxo- 
mas, 20 had coronary artery disease, and 36 had 
various valvular lesions (five mitral stenosis, 17 


mitral insufficiency, one aortic insufficiency, and 
13 multivalvular disease). 

A no. 7 French Lehman catheter was used. 
Catheter motion was measured in the lateral 
projection at three points along the vertical 
catheter axis during end-systole and end- 
diastole. To avoid artifactual motion, measure- 
ments of motion were taken only after contrast 
injection had ceased. In addition, anterior- 
posterior motion of the aortic root in the lateral 
projection was measured in 25 patients. Any 
anterior catheter motion during diastole was 
considered to be abnormal motion. 


RESULTS 


In the patients without left atrial 
myxoma, the entire catheter moved an- 
teriorly in systole and posteriorly in diastole 
(fig. 1). This movement closely approxi- 
mated the movement of the aortic root. The 
influx of blood from the left atrium during 
rapid filling and during the atrial contrac- 
tion had little effect on the movement of 
the catheter, even in patients with mitral 
stenosis and mitral insufficiency. 

On the other hand, abnormal catheter 
motion was demonstrated in each patient 
with left atrial myxoma. This abnormal 
motion was characterized by posterior 
rather than anterior motion during systole 


1 Division of Cardiovascular Radiology, University Hospital, University of California at San Diego, and Veterans Administration 
Hospital, San Diego, California 92161. Address reprint requests to R. T. Reinke at the Veterans Administration Hospital. 
? Division of Cardiology, University Hospital, University of California at San Diego. 
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Fic. 1.—Systolic (4) and diastolic (B) frames from lateral cineangiogram of normal patient. Composite 
line drawing of systolic (dashed lines) and diastolic (solid lines) frames. Catheter normally moves posteriorly 


during diastole (arrow). 


and anterior movement or bowing of the 
catheter in diastole (paradoxical motion) 
(fig. 2). 

There were no false negative cases. Of 
the six false positive cases, all occurred 
among patients with valvular disease. 
Closer scrutiny of these cases indicated 
that the catheter was not positioned on the 
ventricular floor, which resulted in its ap- 
parently abnormal anterior motion in 





A . B 


diastole. The amount of catheter motion 
and aortic root motion seemed to parallel 
the ejection fraction. Thus the false posi- 
tive cases were associated with only a minor 
amount of abnormal catheter motion. 


CASE REPORT 
Case I, a 64-year-old male (AE-603072), pre- 
sented with a I-year history of irregular heart- 
beat and increasing shortness of breath. He had 








Fic. 2.—Systolic (4) and diastolic (B) frames from lateral cineangiogram of patient with left atrial 
myxoma. C, Composite line drawing of systolic (dashed lines) and diastolic (solid lines) frames. During dias- 
tole catheter moves anteriorly (arrow; cf. fig. 1C); this represents paradoxical motion of catheter. 


CATHETER MOTION IN ATRIAL MYXOMA 





had three transient ischemic attacks in the pre- 
vious year. On physical examination, the patient 
was in congestive heart failure with a mitral 
regurgitant murmur. A cardiac ultrasound ex- 
amination was consistent with the presence of a 
left atrial myxoma. 

Right heart catheterization revealed a mean 
pulmonary artery wedge pressure of 17 mm. At 
cineangiography, the catheter demonstrated 
paradoxical motion, moving posteriorly in sys- 
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Fic. 3.—Systolic (4) and diastolic (B) frames 
from lateral cineangiogram of patient with left 
atrial myxoma (lam) C, Composite line drawing 
of systolic (dashed lines) and diastolic (solid lines) 
frames. Catheter is anterior during diastole and 
is in direct contact with left atrial tumor as it 
prolapses through mitral valve (arrow). 


tole and showing localized bowing anteriorly 
(particularly in its lower portion) during diastole 
(fig. 2). During left ventriculography (and after 
the injection had ceased), the area of anterior 
bowing of the catheter demonstrated proximity 
to the prolapsing left atrial myxoma (fig. 3). 
There was moderate mitral insufficiency, and a 
large prolapsing left atrial myxoma was demon- 
strated. There was no abnormal tumor vascu- 
larity at coronary angiography. At surgery, a 
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$5 gleft atrial myxoma was confirmed. 


DISCUSSION 


Myxomas are the most common pri- 
mary cardiac tumor; 75% occur in the left 
atrium. Since approximately 10% of these 
tumors calcify, plain films may reveal cal- 
cification within the left atrium. [4] Echo- 
cardiography may reveal dense echoes 
originating within the left atrium, which is 
almost pathognomonic for a left atrial 
myxoma [7]. When left atrial myxoma is 
suggested clinically or by echocardiogra- 
phy, confirmatory preoperative angiogra- 
phy is essential. Opacification of left-side 
cardiac chambers after injection of contrast 
into the pulmonary artery usually reveals 
a characteristic filling defect in the left 
atrium. Antegrade (transeptal) catheter- 
ization for a suspected left myxoma is 
hazardous because of potential emboliza- 
tion [8]. The left atrium should therefore 
be visualized, preferably by pulmonary 
angiography [9]. 

However, many patients with myxoma 
will have an intial left ventriculogram be- 
cause of the erroneous diagnosis of mitral 
stenosis, and the correct diagnosis may not 
be made in the catheterization laboratory 
or even later. Catheter motion analysis at 
this stage of the investigation process 
would increase the suspicion of a left atrial 
myxoma while the patient was still in the 
catheterization laboratory. 

With a Lehman ventriculography cathe- 
ter positioned on the left ventricular floor, 
the normal motion of the catheter is ante- 
rior during systole and posterior during 
diastole. The motion usually involves the 
whole catheter and is not significantly 
affected by the inflow of blood from the 
left atrium during rapid filling or atrial sys- 
tole. The catheter motion probably results 
from aortic root motion and the fact that 
the catheter is “trapped” by the aortic 
root. The catheter motion exactly parallels 
the motion of the aortic root demonstrated 
by echocardiography. 

In contrast, a prolapsing myxoma pushes 
a portion of the catheter forward during 
diastole. As the tumor returns toward the 
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atrial cavity, the ventricular catheter 
moves posteriorly. This paradoxical motion 
was found in each of the five cases in the 
current report and thus provides an ancil- 
lary sign of a prolapsing mass. It must be 
emphasized that the ventricular catheter 
should be well seated on the ventricular 
floor. False positive anterior diastolic 
movement can be caused by the unseated 
catheter and also if the ttp of the catheter 
is located high under the posterior mitral 
valve leaflet. 

A prolapsing atrial myxoma may pro- 
duce only minimal mitral regurgitation 
when a left ventriculogram is performed. 
However, if paradoxical catheter displace- 
ment is observed at the time of catheteriza- 
tion, myxoma should be immediately sus- 
pected. Pulmonary angiography should be 
performed to confirm the diagnosis. In 
summary, abnormal motion of a portion of 
the left ventricular catheter is a useful 
ancillary angiographic finding in a pro- 
lapsing atrial tumor. 
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EVALUATION OF ROUTINE DOUBLE CONTRAST 
VIEWS OF THE ANTERIOR WALL 
OF THE STOMACH 


Martin R. GoupsmituH,! Ropert E. PauL, Jr., Wittiam E. Popiack, JEFFERY P. Moore, 
Hıroro MATSUE,’ AND STEPHEN BLOOM 


ABSTRACT: 


Since June 1974, we have performed over 1,500 consecutive double contrast upper 
gastrointestinal examinations. The double contrast study of the anterior wall has 
been a useful adjunct to conventional mucosal relief and dosed compression studies. 
Nevertheless, the low diagnostic yield of the anterior wall examination does not 
appear to justify including it as part of the routine double contrast upper gastroin- 


testinal study. 


Recent papers published in the United 
States on the double contrast upper gastro- 
intestinal examination have not emphasized 
that separate study of the anterior and 
posterior walls of the stomach can be 
achieved utilizing this technique [1-3]. On 
the other hand, Japanese researchers have 
stressed the importance of separate study 
of the anterior and posterior gastric walls 
[4. 5]. In an attempt to evaluate the useful- 
ness of the anterior wall examination, we 
performed such examinations routinely as 
part of the double contrast upper GI series 
in over 1,500 consecutive patients. 


MATERIALS AND METHODS 


The technique utilized for the double con- 
trast examination of the anterior wall has been 
reported [4]. Gastric relaxation is achieved by 
intravenous administration of 0.25-0.50 mg of 
Glucagon [6]. The erect patient is given 20-30 
cm? of barium.* (Larger amounts will produce 
pooling when the patient is prone and should 
therefore be avoided.) Air insufflation is pro- 
vided by gas-releasing granules to distend the 
fundus in the upright position to approxi- 
mately the size of an orange. The table is then 
lowered to the horizontal position and the pa- 
tient turned prone. Coating of the anterior 
wail is achieved by rotating the patient back 
and forth into high degrees of obliquity dic- 
tased by the shape and position of the stomach. 
Low kilovoltage (80-100 kV) spot films can now 
be obtained. 


Antrum. The prone patient is placed in a 15° 
Trendelenburg position with the right side 
elevated. A small soft pillow is placed under the 
left side to prevent excess barium from pocling 
in the antrum. The patient is then slowly ro- 
tated to a flat, face-down position until the 
antrum is no longer superimposed on the body. 
The spot film of the anterior wall of the antrum 
is then taken (fig. 1). 

Body. The table is elevated until gaseous 
distension of the body is achieved. A small soft 
pillow positioned over the antrum helps in ob- 
taining optimal distension of the body (figs 2). 

With experience, the fluoroscopic time neces- 


Fic. 1.—Normal double contrast anterior wall 
view of antrum. 





! All authors: Department of Diagnostic Radiology, Tufts-New England Medical Center Hospital, Boston, Massachusetts 02111. 
? Visiting Professor from the National Cancer Center Hospital, Tokyo, Japan. 


*E-Z-EM high density (65% wt/wt) or Lafayette HD200 (60% 


per 200 cm? of barium. 


» wt/wt) with 4 


teaspoon DOW-Corning Antifoam C emulsion added 
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Fic. 2.—Normal double contrast anterior wall 
view of body. 


sary to properly demonstrate the anterior wall 
will be less than 1 min. After obtaining the 
anterior wall views, the patient is turned 
supine and then erect. Additional barium is 
given to a total of 200 cm’, and double contrast 
views of the posterior wall are then obtained in 
the usual manner [4]. 


DISCUSSION 


In approximately 1,500 consecutive cases 
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TABLE 1 


LOCATION oF Gastric ULCERS 


Location No. 

Losser CURVING: a A ahora seas 47 
Greater curvature.............0000008. 12 
Antenor wall arira rodan troir 4 
POStETION wall. side odis ned eecadasd end 42 
TOG eeu ntewnne seeker ERETTE TETEN 105 


of double contrast upper gastrointestinal 
examinations, we detected 105 gastric ul- 
cers. Locations of these ulcers are shown in 
table 1. Since only 4% were detected on 
the anterior wall and since some of these 
could be suspected on routine posterior 
wall views, there is serious question as to 
whether routine anterior wall views are 
necessary for the detection of gastric ulcers. 
We had only two cases in which gastric 
ulcers were seen exclusively on anterior 
wall views (figs. 3 and 4). 

We detected 11 gastric carcinomas in our 
series, but all of these were fairly large le- 
sions and were diagnosable on the posterior 
wall views. Shirakabe et al. [5] reported the 
diagnosis of 84 early gastric cancers in the 
period 1954-1965; 21% were limited to the 
anterior wall. Nevertheless, as they note, 


Fic. 3.—4, Normal supine double contrast view. B, Double contrast anterior wall view of antrum of 
same case showing 10X5 mm gastric ulcer (arrow). It was confirmed at endoscopy. 
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Fic. 4—4, Double contrast supine view of the antrum; no ulcer evident. B, Double contrast anterior 


wall view of same case demonstrating 4 mm ulcer (arrow). At endoscopy 1 week later, scarring of anterior 
wall seen corresponding to site of radiographic demonstration of ulcer. 
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Fic. 5.—A, Supine double contrast view of antrum demonstrating prominent gastric folds. B, Anterior 


wall view of same case demonstrating groups of nodules with central erosions (arrows) characteristic of 
erosive gastritis [8]. 


pS 


demonstrating I cm gastric ulcer (arrow). 


anterior wall pathology can be suspected 
on posterior wall views. 

In our series, positive cases other than 
gastric carcinoma or ulcers (e.g. polyps, 
scars, erosive gastritis) were usually ade- 
quately detected on posterior wall views 
[7]. In two cases, however, erosive gastritis 
was best demonstrated on the anterior wall 
views. One of these is shown in figure 5. 

That the double contrast examination al- 
lows separate examination of the anterior 
and posterior gastric walls is not being 
challenged. In fact, this point is nicely 
demonstrated in figure 6, where a large 
posterior wall ulcer cannot be diagnosed on 
proper anterior wall views. Nevertheless, 
since only four of 140 positive cases would 
have been missed without anterior wall 
views, the necessity for including anterior 
wall views in the routine examination 1s 
doubtful. 

On the basis of our analysis and experi- 
ence thus far, it would appear that includ- 
ing views of the anterior wall with their 
attendant added fluoroscopy time and pa- 
tient exposure is not necessary to the per- 
formance of the proper double contrast ex- 
amination in this country. In Japan, where 
the death rate from gastric carcinoma is 
eight times that in the United States and 





fe Pe aces => >. i ae sč 
- kN LH Ge Sod Y pe a, e 


Fic. 6.—4, Normal double contrast anterior wall view. B, Supine double contrast view of same case 
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is the leading cancer in Japanese males, 
every technique for the detection of early 
gastric cancer would seem justified [9]. 

We recommend that the anterior wall 
study be reserved for patients with strongly 
suspected gastric pathology clinically whose 
routine double contrast examination proves 
negative, or for those patients who are a 
prior! thought highly likely to have gastric 
pathology on clinical grounds. It could also 
be utilized to reexamine an area of abnor- 
mality suspected on routine posterior wall 
examination but thought to lie on the an- 
terior wall. 

Although the double contrast anterior 
wall examination of the stomach is useful 
in specific instances, including it as a part 
of the routine double contrast upper gastro- 
intestinal examination does not appear 
warranted on the basis of our experience to 
date. 
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INTUSSUSCEPTION OF THE APPENDIX 
IN CHILDREN 


Georce O. Arkrnson,! Brit B. Gay, Jr.,! anp Darius Narris? 


ABSTRACT: 


Intussusception of the appendix is uncommon and an unusual cause of ileocolic 
Intussusception. The pediatric age group is most often affected. Appendiceal 
intussusception may present as primary appendiceal invagination but more com- 
monly leads to secondary Intussusception. Two cases of partial appendiceal intus- 
susception leading to secondary intussusception are presented. Classification, 
symptomatology, radiographic appearance, and differential diagnosis are discussed. 


Intussusception of the appendix is an un- 
usual cause of ileocolic i Intussusception. The 
diagnosis is rarely made prior to surgery. 
Although a review of the literature reveals 
only about 140 cases of intussusception of 
the appendix, two cases leading to ileocolic 
intussusception were seen at the Henrietta 
Egleston Hospital for Children within a 
2 month period. Experience gained from 
the first case led to the correct diagnosis 
preoperatively in the second case. This 
report summarizes the two cases and pre- 
sents a brief review of the literature. 


CASE REPORTS 
Case I 


A 24-year-old white female was admitted to 
Henrietta Egleston Hospital on June 27, 1974, 
with a 1 month history of daily cramping and 
intermittent abdominal pain. Three weeks be- 
fore admission she was treated for constipation 
with an enema, and a marked increase in pain 
with vomiting developed 3 days prior to admis- 
sion. There was no history of blood in the 
stools. Prior to transfer to Henrietta Egleston 
Hospital, a barium enema at another hospital 
revealed an intussusception which could not be 
reduced. 

Physical examination revealed dehydration, 
right lower quadrant abdominal tenderness, but 
no mass. On repeat barium enema examination, 
ileocolic intussusception was reduced to the 
cecum where there was free reflux of barium 
into the terminal ileum. A lobular filling defect 
persisted in the base of the cecum, and no ap- 


pendiceal filling was seen (fig. 1). The filling de- 
fect at the base of the cecum persisted on repeat 
filling of the colon. 

At surgery total inversion of the appendix 
was present and could not be reduced. The 
mesoappendix was divided and ligated. After 
further inverting the base of the appendix into 
the cecum, the base was closed by encircling 
sutures. The patient did well following surgery 
and was discharged 3 days later without com- 
plications. 


Case 2 


This 43-year-old white female had onset of 
intermittent cramping pain and vomiting 3 
weeks prior to admission. There was occasional 
diarrhea, but no blood in the stools. On physical 
examination there was no abdominal tenderness 
or palpable mass. 

Roentgenograms of the abdomen revealed a 
soft tissue mass in the region of the transverse 
colon, suggesting an intussusception. On barium 
enema examination, an intussusception was 
readily reduced to the cecum, with reflux of 
contrast into the terminal ileum. A persistent 
filling defect was seen at the base of the cecum 
with absence of appendiceal filling. Appendiceal 
intussusception was suspected roentgenographi- 
cally (fig. 2). 

At surgery a partially inverted appendix was 
found with several enlarged lymph nodes show- 
ing benign inflammatory change pathologically. 
The intussuscepted appendix could not be re- 
duced. A right hemicolectomy was performed 
with an end-to-end anastomosis between distal 
ileum and ascending colon. During exploration 


1 Department of Radiology, Emory University School of Medicine, and Henrietta Fgleston Hospital for Children, Atlan ta, Georgia 
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Fic. 1.—Case 1. 4, Barium enema examination revealing filling defect in ascending colon represent- 
ing an ileocecal intussusception. B, Persistent filling defect at base of cecum with no appendiceal filling 
after reduction of ileocecal intussusception and reflux of barium into ileum. 


a Meckel’s diverticulum was found and re- 
moved. There were no complications. The final 
pathology report revealed focal ulceration and 
acute inflammation of the inverted appendiceal 
surface, lymphoid hyperplasia, and subacute 
inflammatory changes (fig. 3). 


DISCUSSION 


Approximately 140 cases of intussuscep- 
tion of the appendix have been reported, 
more than half in children below the age of 
10 [1-3]. Only three cases have been re- 
ported in children younger than 23 years: 
these were girls 16, 17, and 10 months of 
age [3-5]. The average age of occurrence is 
16 years, with the oldest reported case in 
a 75-year- old patient [2]. As in intussus- 
ception in general, intussusception of the 
appendix is four to five times more fre- 
quent in males than females [2, 3, 6]. 

Of 66 patients with intussusception seen 
in this department since January 1963, 10 
have had organic causes: two patients had 
lymphoma of the distal ileum, six had 
Meckel’s diverticulum, and two (present 
cases) had intussusception of the appendix. 
One of these latter patients also had a 
Meckel’s diverticulum. Both patients were 
older than the average patient with un- 


complicated intussusception. Abdominal 
symptoms in both patients were intermit- 
tent and present 3-4 weeks prior to admis- 
sion, which is consistent with other re- 
ported cases. 

The etiology of most appendiceal intus- 
susceptions is unknown; however, certain 
predisposing conditions are thought to 

make intussusception more likely. Mest 
workers theorize that abnormal appendiceai 
peristalsis secondary to local irritation is 
the chief factor. Local irritants such as 
worms, fecaliths, foreign bodies, polyps, 
hypertrophic lymphoid follicles, mucoceles, 
endometrial implants, and _ postinflamma- 
tory scars have been implicated. [1-8]. 2 
fetal type of cecum with the appendix 
originating from its tip has also been suz- 
gested as an etiological factor, particularly 
if the proximal lumen of the appendix has 
a much greater diameter than the distal 
lumen [2, 3, 6]. 

Appendiceal intussusceptions have been 
classified as primary and compound or 
secondary (fig. 4) [3]. Of the five types of 
primary intussusception, only partial ia- 
vagination of the base of the appendix in-o 
the cecum and complete invagination of 
the appendix into the cecum have been 
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demonstrated roentgenographically — [1]. 
Partial invagination of the appendix into 
the cecum is by far the most common 
type [1-3]. 

All types of primary appendiceal intus- 
susception, possibly with the exception of 
type D, can initiate a secondary intussus- 
ception. In over half the recorded cases, a 
secondary intussusception was found at 
surgery. The question of whether the intus- 
suscepted appendix initiates a secondary 
Intussusception presumably depends upon 
both the degree of irritation that the ap- 
pendix causes by its presence inside the 
cecum and the anatomy of the cecum. A 
fixed cecum is unlikely to intussuscept, 
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Fic. 2.—Case 2. 4, Ileocecal intussusception in 
proximal transverse colon. B, Persistent filling 
detect at base of cecum after reduction of intus- 
susception and reflux of barium into ileum. C, 
Repeat barium study showing persistent filling 
defect with absence of appendiceal filling. 


whereas a mobile cecum with a rotational 
anomaly may be more likely to produce 
intussusception [2, 3, 6]. 

Symptoms have classically been divided 
into four groups. In the first group, onset is 
acute as In acute appendicitis. These cases 
are frequently taken to surgery with the 
diagnosis of acute appendicitis. At opera- 
tion partial or complete intussusception 
of the appendix is found [2, 3, 6, 8]. 

In the second group, the symptoms are 
consistent with intussusception. Abdominal 
pain and vomiting usually occur for several 
days. Bowel movements may be normal. 
Less commonly there may be constipation, 
diarrhea, or melena. Examination fre- 
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quently reveals an abdominal mass which 
is recognized as an intussusception. These 
cases have a compound intussusception, 
and the appendiceal invagination is dis- 
covered only after the main intussusception 
has been reduced either at surgery or by 
barium enema examination [2, 3, 6, 8]. 

A third group includes cases with a pro- 
longed history of repeated intermittent 
severe attacks oferight lower quadrant ab- 
dominal pain. Vomiting and melena may 
be present. The interval between the at- 
tacks is quite variable. Physical examina- 
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Fic. 3.—Gross specimen of case 2. 4, Partial 
invagination of appendix into base of cecum with 
resultant mass. Hatched arrow points to cecum; 
amrow points to appendix invaginated into cecum. 
Forceps holds ascending colon right and distal ap- 
pendix left. B, Opened cecum showing partially 
invaginated appendix within. Arrow points to 
invaginated appendix. Forceps opens ileocecal valve. 





PRIMARY 





A invagination of appendix 
tip into proximal appendix 


B.Intussusception 3f 
distal appendix iato 
proximal appendx 





O.Retrograde intussuscep- 
tion of appendix 


C Intussusception start- 
ing along length of 
appendix 


E Complete Invaginction 
of appendix 


SECONDARY 








A Early ceco-colic intussus- 
ception with invaginated 
appendix as apex 


B. intussusception of 
appendix complicated 
by ileo-cecal intussus- 
ception 


Fic. 4.—Schematic portrayal of types of appen- 
diceal intussusception. 


tion between attacks is unrevealing. The 
acute pain can be due to intermittent sec- 
ondary intussusception which follows intus- 
susception of the appendix. A child with a 
history of multiple attacks of intermittent 
abdominal pain, even if he appears per- 
fectly well, deserves a barium enema ex- 
amination with the possibility of primary 
appendiceal intussusception considered in 
the differential diagnosis [2, 3, 6, 7]. 

There is a fourth group in which pri- 
mary appendiceal intussusception 1s asymp- 
tomatic. There have been nine reported 
cases, but none were in the pediatric age 
group [I, 5, 9, 10]. 

Brewer and Wangenstein [11] suggest a 
fifth group in which intermittent bleeding 
is found in otherwise asymptomatic pa- 
tients. They report one case of their own 
and describe four others from the litera- 
ture. One of these was in the pediatric age 
group, a 13-year-old male with a 1 month 
history of rectal bleeding [9]. 

Roentgenograms of the abdomen are un- 


1168 


remarkable unless a secondary intussus- 
ception has occurred. Only partial and 
complete appendiceal intussusception (fig. 
4, B and E, respectively) have been demon- 
strated by barium enema [1]. Partial ap- 
pendiceal invagination appears on barium 
enema as an oval or round intraluminal 
filling defect presenting at the usual site of 
origin of the appendix with nonfilling of 
the appendix. Complete invagination of the 
appendix presents as a fingerlike intra- 
luminal filling defect in the cecum arising 
at the usual site of the appendix. This latter 
appearance has been reported as pathog- 
nomonic [1, 13]. If a compound intussus- 
ception has occurred, the appendiceal in- 
tussusception will not be discovered until 
the secondary intussusception has been 
reduced and the persistent filling defect 
identified [1, 6, 7, 13]. 

In only four cases has reduction of a 
primary appendiceal invagination been 
demonstrated roentgenographically [1]. In 
two of these patients the normal appendices 
were seen to partially invaginate and the 
lumen completely reduce during the course 
of the same barium enema study. In the 
other two, a filling defect in the cecum at the 
site of the expected location of the non- 
visualized appendix was seen on the initial 
barium enema examination. A repeat study 
showed a normal cecum and filling of a 
normal appendix. All four patients were 
over 50 years of age and asymptomatic. 
There have been no reports of reduction of 
a primary appendiceal intussusception by 
barium enema in a pediatric patient. 

To differentiate appendiceal intussus- 
ception from other causes of cecal filling 
defects, an attempt should be made to fill 
the appendix and, if it cannot be visualized, 
to determine if the lesion is located at the 
expected site of appendiceal origin. Filling 
of the appendix excludes appendiceal in- 
tussusception. If the appendix does not 
fill with contrast, a positive differentiation 
between irreducible appendiceal intussus- 
ception, masses of appendiceal origin, or 
cecal masses cannot be made [1, 10]. 
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Differential diagnosis includes appen- 
diceal abscess, duplication cyst, and in- 
verted appendiceal stump. Of the malig- 
nant tumors, lymphoma is most common. 
Carcinoma and carcinoid are unusual in the 
pediatric age group. Benign tumors in- 
cluding lipoma, leiomyoma, fibroma, and 
hemangioma are uncommon. Mucoceles of 
the appendix are more common in females 
and occur at a later age [%, 5, 7-9, 12]. 
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PLAIN FILM FINDINGS OF GASTRIC VOLVULUS 
HERNIATING INTO THE CHEST 


LESLIE MEnvuckK! 


ABSTRACT: 


When confronted with a chest radiograph demonstrating two large air-fluid levels, 
one in the retrocardiac mediastinum and the other beneath the left hemidiaphragm, 
the possibility of gastric volvulus herniating into the thorax should be strongly 
considered. These patients should have an immediate contrast study for further 


evaluation. 


Acute obstructing gastric volvulus herni- 
ating into the chest is a life-threatening 
situation due to impairment of the blood 
supply to the stomach and the danger of 
aspiration. The radiographic features are 
specific early in the course, allowing prompt 
diagnosis at a time when the clinical symp- 
toms and findings may still be quite vague. 
The characteristic plain film findings of two 
large air-fluid levels, one beneath the left 
hemidiaphragm and the other in the retro- 
cardiac mediastinum, demand an immedi- 
ate contrast examination for definitive 
diagnosis. 


CASE REPORTS 


Case I 


A 64-year-old man had a 3 year history of 
vague intermittent dull pain and fullness in the 
epigastrium. In December 1972, a gastrointesti- 
nal exam demonstrated a small sliding esopha- 
geal hiatus hernia. In April 1973, he experienced 
sudden onset of dull, aching chest pain, inter- 
mittent nausea, and vomiting which resolved 1 
day later. A chest roentgenogram at that time 
showed two large air-fluid levels, one in the 
retrocardiac mediastinum and the other be- 
neath the left hemidiaphragm. On November 
30, 1973, he returned with recurrence of his 
previous symptoms. A repeat chest radiograph 
again demonstrated the two large air-fluid 
levels (fig. 1). On December g, 1973, he became 
acutely ill with severe chest pain, intermittent 
vomiting, diaphoresis, and hypotension. An 
upper gastrointestinal examination showed the 
distal esophagus displaced by a homogenous 
soft tissue mass, with the esophagogastric junc- 


tion beneath the left hemidiaphragm. An ob- 
structing gastric volvulus demonstrated a 
“beak” extending upward toward the esopha- 
geal hiatus, though no barium passed distal/y 
into it (fig. 2). The patient was immediate y 
taken to the operating room where a gastric 
volvulus was found. The distal half of the ob- 
structed, twisted stomach had passed through 
the esophageal hiatus into a retrocardiac posi- 
tion within the mediastinum. The antrum was 
resected because of gangrene. Postoperatively, 
the patient did well. 


Case 2 


A 61-year-old man had nausea, vomiting, and 
nonspecific chest and abdominal pain of I 
week's duration. He had previously experienced 
similar symptoms which regressed spontane- 
ously. Admission chest roentgenogram (Ne- 
vember 24, 1974) showed two large air-fiuid 
levels, leading to a presumptive diagnosis ef 
gastric volvulus with herniation of the distal 
stomach into the chest (figs. 34 and 38). Two 
days later a repeat chest radiograph showed an 
additional air-containing structure in the left 
hemithorax (fig. 3C). An upper gastrointestinal 
exam demonstrated a large paraesophageal hi- 
atus hernia of the proximal stomach and an as- 
sociated gastric volvulus of the distal stomach. 
The esophagogastric junction was in a normal 
position. The rotated distal stomach extended 
through the esophageal hiatus and occupied a 
retrocardiac position. Barium passed through 
the inlet of the twisted segment to fill the Cistal 
stomach. The outlet of the rotated antrum was 
obstructed as it reentered the abdomen through 
the esophageal hiatus (fig. 4). Surgery con- 
firmed the findings of a proximal large para- 
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Fic. 1.—Chest diac of case I demonstrating two large air-fluid levels, one beneath left hemidia- 
phragm and other in retrocardiac mediastinum (best seen on lateral exam). 


esophageal hiatus hernia with distal gastric vol- 
vulus. Both the inlet and outlet of the volvulus 
passed through the esophageal hiatus. Gan- 
grenous changes had not occurred, and gastric 
resection was not necessary. 


DISCUSSION 


Gastric volvulus is not a rare phenome- 
non. Several types are recognized (table 1). 
Over 265 cases have been reported; at least 
two-thirds are of the chronic or recurring 
type [1]. Volvulus of the stomach can only 
occur when there is an abnormality in the 
laxity or the length of the gastric suspen- 





Fic. 2.—Contrast barium study of case 1 showing 
“beak” with complete obstruction at inlet of gastric 
volvulus as it herniates into chest. 


sory ligaments. The chance of this occur- 
ring increases with a cascade gastric con- 
figuration or an atonic, dilated, fluid-filled 
stomach [2]. 

Most cases of gastric volvulus occur in 
association with eventration of the left 
hemidiaphragm or a hiatus hernia. In a 
review of 500 autopsies of patients with 
hiatus hernia, Payer [3] found 12 cases of 
partial gastric volvulus. Da Costa [4] stated 
that one-third of the cases of gastric volvu- 
lus were associated with diaphragmatic 
hernia. Where volvulus is associated with 
an esophageal hiatus hernia, the twisted 
distal gastric antrum may be drawn up into 
the chest as an associated paraesophageal 
component [5]. The mixed and organoaxial 
type of volvulus tend more frequently to 
herniate, while the mesenteroaxial tend to 
be associated with eventration. 

Acute gastric volvulus is a life-threat- 
ening situation necessitating immediate 
surgical intervention [6-8]. Many of the 
acute cases of volvulus occur in patients 
with chronic recurring gastric volvulus, 
since the past history is highly suggestive 
of mild, repetitive episodes [5, 8, 9, 10]. The 
clinical manifestations of gastric volvulus 
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will depend upon how much of the stomach 
is involved, the degree of rotation of the 
twisted segment, and how long the volvulus 
is present. When the torsion is less than 
180°, there is often incomplete gastric out- 
let obstruction since the pylorus becomes 
narrowed early [7]. If the torsion is greater 
than 180°, impairment of gastric blood 
supply and subsequent necrosis are likely 
to occur unless the volvulus is reduced 
[7, 8]. 

The diagnosis of gastric volvulus is 


FıG. 3.—d and B, Chest radiographs of case 2 
showing two large air-fluid levels, one beneath left 
hemidiaphragm and other in retrocardiac mediasti- 
num. C, Repeat radiograph 2 days later showing 
additional large air-fluid level in left chest. 


readily made on radiographic examination 
of the upper gastrointestinal tract [7, 11- 
15]. Because of the often confusing clinical 
nature of chronic volvulus [5, 8, 9, 12], a 
contrast exam is often delayed until late in 
the course or until the volvulus has become 
acutely incarcerated. These patients, how- 
ever, often have chest radiographs from 
which the diagnosis can be suspected before 
an acute Incarceration develops. 

When a patient with a hiatus hernia 
develops symptoms suggesting gastric ob- 
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Fic. 4.—Barium examination of case 2 demon- 
strating gastric volvulus with obstruction at outlet 
of rotated herniated segment. 


struction, gastric volvulus has to be con- 
sidered as a possible etiology. Blatt et al. 
[12] reviewed nine patients with hiatal 
hernias who subsequently developed gastric 
obstruction secondary to gastric volvulus. 
All but one of these patients developed a 


TABLE 1 


ANATOMIC CLASSIFICATION OF GASTRIC VOLVULUS 








Classification Description 
Location: 

Abdominal..... Entire volvulus in abdominal 
cavity; most commonly as- 
sociated with eventration 
of left hemidiaphragm 

PMCS eii Entire rotated stomach in in- 
trathoracic position 

Abdominal- 

ENOPECK bps Rotated gastric segment ex- 
tending into chest through 
hiatus (usually esophageal) 
in diaphragm 

Direction: 


Stomach rotates along lon- 
gitudinal axis 


Organoaxial.... 


Mesenteroaxial . Stomach rotates in axis of 
mesentery perpendicular to 
longitudinal axis 

Se: aor a Probably most common form 

Extent: 

Complete...... Entire stomach involved in 
twist 

Segmental..... Most commonly involves seg- 


mental twist of distal stom- 
ach 
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reversal of the previous anatomical rela- 
tionships so that the rotated, dilated distal 
stomach herniated into the chest through 
the esophageal hiatus. The fundus and the 
esophagogastric junction then returned to 
a normal position beneath the left hemi- 
diaphragm. This subsequently led to dilata- 
tion of both the infradiaphragmatic fundus 
and the twisted supradiaphragmatic distal 
gastric segment. g 

When gastric volvulus herniates into the 
chest, two basic radiographic patterns may 
be seen. Early, there are two large air- 
fluid levels. The one in the retrocardiac 
mediastinum represents the dilated, herni- 
ated distal stomach with partial or com- 
plete obstruction of its outlet. The second, 
beneath the left hemidiaphragm, represents 
an air-fluid level in the normally positioned 
fundus which may partially be obstructed 
at the inlet to the twisted herniated seg- 
ment. At this time, symptoms suggesting 
gastric outlet obstruction usually occur. 
When the rotation increases so that both 
the inlet and outlet of the rotated, herni- 
ated distal stomach become obstructed, 
the retrocardiac air-fluid level is replaced 


TABLE 2 


RADIOGRAPHIC FINDINGS IN PATIENTS WITH 
UncompPLicaTED HratTaLt HERNIA 





Finding No. 





Small hiatal hernia: 


Normal CNOSE. 5 voc cs dees eaves es 55 
Small retrocardiac mass: 
Without HIPs ods od ea ee eb ta iiaii [3 
With small amount of air......... 3 
fT EPEE EEE EEEE TET oi" 


Large hiatal hernia: 


Moma heiii oc ok Hiss dank aus O 
Large retrocardiac mass: 
With small amount of air......... 3 
With large amount of air.......... II 
ea T EE is PEENE E ET T 14T 





* All had normal infradiaphragmatic gastric bubbles. 
+ 12 had no infradiaphragmatic gastric bubble and 
two had very small ones. 
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Fic. 5.—A, Simple esophageal hiatus hernia. B, Segmental volvulus of gastric antrum herniating through 
esophageal hiatus. Esophageal gastric junction has returned to normal position. Note obstruction at outlet 
af volvulus. C, Obstruction of both inlet and outlet of herniated gastric volvulus with secondary ischemic 


changes of involved segment. 





Fic. 6.—Chest radiographs of case 3 demonstrating large retrocardiac air bubble associated with large air- 
fluid collection beneath left hemidiaphragm. 


by a homogenous soft tissue mass, the 
fhuid-filled antrum. It is at this point that 
the ischemic changes have usually occurred 
and immediate surgical intervention is 
needed (fig. 5). A barium study will then 
confirm the diagnosis of gastric volvulus 
herniating into the chest. 

The roentgenographic findings of a distal 
gastric volvulus herniating into the chest 


are distinct. They differ from that of an 
uncomplicated large esophageal hiatal her- 
nia. A review of chest radiographs from &5 
patients with documented hiatal hernia 
failed to reveal a single case with both a 
large retrocardiac air-fluid level and a nor- 
mal or large infradiaphragmatic gastric air 
bubble (table 2). Of the 14 cases having a 
large hiatal hernia with a large retro- 
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Fic. 7.—Barium study of case 3 demonstrating 
distal segmental volvulus herniating into chest 
through esophageal hiatus with poor emptying but 
without any high grade obstruction. 


cardiac air-containing component, 12 had 
an absent gastric bubble and two had very 
small collections of air in the small gastric 
remnant beneath the left hemidiaphragm. 
When a large simple paraesophageal hiatus 
hernia is present, the herniated segment 
usually is found in the left hemithorax, and 
the infradiaphragmatic gastric component 
is absent or quite small. Other diagnostic 
considerations include a giant epiphrenic 
diverticulum or other unrelated causes of 
pulmonary or mediastinal air-fluid levels 
(abscess, sequestration, etc.). A barium 
examination of the upper gastrointestinal 
tract will confirm the diagnosis. 
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NOTE ADDED IN PROOF 


Since submission of this paper, a third case, 
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a $4-year-old male with a history of “hiatal 
hernia” diagnosed by previous upper GI, pre- 
sented with a history of nonspecific recurrent 
chest pain. A routine chest radiograph showed a 
large retrocardiac air bubble associated with a 
large left infradiaphragmatic air-fluid level 
(fig. 6). A diagnosis of a distal segmental gastric 
volvulus herniating into the chest was made, 
and a barium study was performed for con- 
firmation (fig. 7). The patient has subsequently 
refused surgical correction. ° 
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CHONDROSARCOMA OF THE ESOPHAGUS 


Issa YAGHMAL AND Gary G. GHAHKREMANI 


ABSTRACT: 


A 46-year-old man had a large noncalcified tumor in the wall of the thoracic esopha- 
gus narrowing its lumen by projection of numerous firm nodular masses. The patho- 
logic diagnosis was chondrosarcoma. Malignant degeneration of a tracheobronchial 
cartilaginous remnant is the main consideration in this first recorded case of esopha- 


geal chondrosaycoma. 


Sarcomas account for 0.5%-1.0% of all 
malignant esophageal neoplasms [1]. In a 
series of $9 cases reviewed by Thorek and 
Neiman [2], there were 30 fibrosarcomas, 
eight leiomyosarcomas, five lymphosar- 
comas, five melanosarcomas, four rhabdo- 
ntyosarcomas, and seven unclassified sar- 
comas. A few mixed tumors of the esopha- 
gus known as carcinosarcoma have con- 
tained cell aggregates resembling chondro- 
sarcoma [3, 4]. However, we wish to report 
the first instance of a primary esophageal 
chondrosarcoma and review the pertinent 
literature to explain its pathogenesis. 


CASE REPORT 


A 46-year-old Iranian farmer was referred to 
the University of Tehran-Tadj Pahlavi Cancer 
Hospital with a 6 month history of progressive 
dysphagia induced by solid food and a 4.5 kg 
weight loss. Chest roentgenograms showed 
widening of the mediastinum due to a large 
middle mediastinal tumor with ill-defined mar- 
gins. An upper gastrointestinal series demon- 
strated marked irregularity of the wall of the 
distal two-thirds of the esophagus (figs. 14 and 
1B). Numerous nodular masses projected into 
the narrowed and indistensible lumen. The 
peristaltic activity was absent so that the pas- 
sage of barium distally was slow and dependent 
on the force of gravity. The diagnosis enter- 
tained was sarcoma or carcinoma of the esopha- 
gus presenting as a varicoid tumor due to sub- 
mucosal infiltration. 

Esophagoscopy revealed numerous firm poly- 
paid masses in the esophageal wall that were 
covered by grossly intact mucosa. The patho- 
logic report on the biopsy was “‘chondrosar- 
coma, site undetermined.” Possibility of mis- 


taken identification of the specimen led to re- 
peat esophagoscopy. On this occasion three 
biopsies were taken from different sites of the 
involved esophagus. It was also noted that the 
esophageal mucosa exhibited unusual mobility 
over the firm submucosal mass and that a 
crunching sound was produced by insertion of 
the biopsy forceps and separation of tumcr 
fragments. Microscopic evaluation of the b- 
opsies confirmed the presence of a differentiated 
chondrosarcoma (fig. 2). The intact elements cf 
esophageal mucosa contained in the specimens 
indicated the intramural location of the tumor. 

Subsequently tomograms of the mediastinum 
and additional views with barium in the esophe- 
gus (fig. 1C) demonstrated the extent of the 
tumor which did not have visible calcifications. 
Other radiologic studies, including a complete 
bone survey, failed to reveal any lesion as a 
possible primary source of origin of the chondrc- 
sarcoma. Since radical resection appeared diff- 
cult, a palliative procedure such as intra- 
esophageal insertion of a Celestin tube cr 
gastrostomy were considered. However, the 
patient refused any surgical intervention and 
died 8 months later from complications of local 
extension of the tumor. Autopsy permit was not 
granted. 


DISCUSSION 


A unique feature of this chondrosarcoma 
is its origin in an organ that is normally 
devoid of the necessary cartilage-forminz 
matrix. Metaplasia of the mesenchymal 
cells of the esophageal wall could conceiv- 
ably account for its atypical site [5, 6]. This 
is an explanation for the cell aggregates of 
chondrosarcoma that are occasionally found 
within the esophageal carcinosarcomas [3, 
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Fic. 1.—4 and B, Views of esophagus with patient upright demonstrating extensive infiltration of wall 
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resulting in irregular filling defects. C, Midline tomogram of chest with barium in esophagus showing large 
noncalcified tumor with mediastinal and intraluminal polypoid components. 


4]. The absence of any carcinomatous tissue 
in our patient appears to eliminate the lat- 
ter diagnosis. However, a real possibility is 
malignant degeneration of a cartilaginous 
tracheobronchial remnant in the esophagus. 
Several recent reports indicate that defec- 
tive separation of the embryonic respira- 
tory tract from the primitive foregut leaves 
behind clusters of tracheobronchial precur- 
sor cells [7, 8]. These sequestrated cells may 
later form cartilaginous nodules and rings 
causing segmental stenosis of the esophagus 
in children and adults [6-9]. This congeni- 
tal abnormality has also been implicated 
in the development of various unusual tu- 
mors of the esophagus such as osteochon- 


droma, oat-cell carcinoma, and cylindroma 
[6, 9]. This hypothesis also appears to pro- 
vide an interesting explanation for the 
pathogenesis of the lesion herein described. 

The roentgenographic features of our 
case are very similar to those described in 
other types of esophageal sarcoma [1, 2, 10]. 
These tumors commonly present as an in- 
filtrative and polypoid lesion resulting in 
irregular narrowing of the esophageal lumen 
(fig. 1). A large extraluminal component 
(fig. 1) is often associated with esophageal 
sarcomas [1, 10]. The usual sites of involve- 
ment are the middle and lower third of the 
esophagus |1-3, Io]. Grossly visible cal- 
cifications have not been reported in any 
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Fic. 2.—Photomicrographs at X120 (4) and X600 (B) of two separate fields in biopsy specimens demon- 
strating chondrosarcoma. Note abundance of bizarre multinucleated malignant cartilage cells. 


of the 


case of sarcoma or carcinoma 
esophagus. 

The prognosis of esophageal sarcoma 1s 
less favorable than carcinoma, and the ma- 
jority of patients succumb within 6 months 
after appearance of the symptoms, usually 
from complications associated with esopha- 
geal obstruction and perforation of the 
tumor into adjacent organs [2]. 
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LOCALIZED GIANT PSEUDOPOLYPOSIS IN 
ULCERATIVE COLITIS 


James W. Keatine, Jr.1 anb Howarp J. MINnDELL} 


ABSTRACT: 


A case of localized giant pseudopolyposis in ulcertative colitis is discussed in 
which a mass effect mimicked tumor. The fulminant collection of pseudopolyps was 
palable in the epigastrium on physical exam and caused a partial obstruction to the 
retrograde flow of barium. Carcinoma is a worrisome possibility in ulcerative colitis, 
but localized giant pseudopolyposis may also present as a mass. 


Pseudopolyposis is a frequent sequella of 
ulcerative colitis [1]. There have been some 
reports of localized giant pseudopolyposis 
producing a radiographic “‘masslike effect” 
on barium enema [2, 3]. In addition to the 
appearance of a mass on a barium enema, 
this case report demonstrates two other 
features of localized giant pseudopolyposis 
in ulcerative colitis which can mimic tumor. 
These features are (1) a palpable mass and 
(2) partial obstruction to the retrograde 
flow of barium. 


CASE REPORT 


R. S. is a 40-year-old white man with a Io 
year history of bloody diarrhea. A previous 
workup, which included a biopsy, produced a 
diagnosis of ulcerative colitis. The patient had 
been followed by barium enema examination, 
and intermittent exacerbations were treated 
with azulfidine, lomotil, and prednisone. Eight 
months prior to admission a barium enema 
demonstrated diffuse colonic mucosal disease 
consistent with a diagnosis of ulcerative colitis 
(fig. 14). Approximately 6 weeks prior to ad- 
mission the patient reported increasing right 
upper quadrant pain; a mass was palpated in 
the epigastrium on physical examination. A 
barium enema demonstrated an abnormality in 
the transverse colon that had developed since 
the last examination 8 months previously. It 


consisted of a partial obstructing lesion to the 
retrograde flow of barium with a “mass effect” 
containing bizarre, irregular, streaky collections 
of barium (fig. 1B), which suggested a villous 
adenoma or even transmural fissuring as might 
be seen in granulomatous colitis. The colitis 
would not respond to aggressive medical ther- 
apy, and a colectomy was performed. The en- 
tire colon was observed to be involved with 
ulcerative colitis with marked pseudopolyposis. 
The area of the right transverse colon was the 
most severely involved with extravagant‘‘frond- 
like” pseudopolyposis. Some individual pseudo- 
polyps measured as much as 2 cm in length 
(fig. 1C). This accumulation of pseudopolyposis 
produced a localized mass effect noticed on the 
physical exam and the partial obstruction to 
the retrograde flow of barium. However, no fis- 
sures were found in the wall of the pathological 
specimen, and no occult neoplasm was found 
in the area of extravagant pseudopolyposis. The 
patient has done well postoperatively. 


DISCUSSION 


Pseudopolyposis may be seen in either 
the active or quiescent state of ulcerative 
colitis and may be diffuse or focal in distri- 
bution. This phenomenon occurs most fre- 
quently in the transverse and descending 
colon. Collections of pseudopolyps may 
occasionally attain giant size mimicking a 





oe 


Fic. 1.—4, Barium enema examination demonstrating diffuse inflammatory ulceration with some pseudo- 
polyp formation. B, Follow-up barium enema 7 months later showing development of “mass effect” in trans- 
verse colon with fulminant pseudopolyposis. C, Gross specimen of colon showing many smooth-surfaced 
fingerlike projections which are coalesced giant pseudopolyps. 
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villous adenoma or carcinoma [4]. 

Although there is extensive documenta- 
tion of the occurrence of carcinoma in 
patients with ulcerative colitis and pseudo- 
polyposis [1, 5] there is some debate about 
the malignant potential of the pseudo- 
polyps themselves [6]. 

The development of carcinoma in ulcera- 
tive colitis is not usually characterized by 
a polypoid mass but rather, at least in the 
early stages, by a constrictive, flat, ulcer- 
ating type of lesion. While the development 
of any colonic mass lesion in ulcertaive 
colitis should be of concern because of the 
malignant potential of ulcerative colitis, 
some radiographic features of localized 
giant pseudopolyposis might alert the 
examiner to the correct diagnosis. In local- 
ized giant pseudopolyposis there may be 
frondlike irregular linear streaking of 
barium amidst a mass effect causing partial 
obstruction to the retrograde flow of 
barium. Elsewhere in the colon there may 
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be associated pseudopolyp formation of the 
mucosa. These features pose a problem for 
the clinician since they mimic tumor but 
can represent only a benign form of this 
disease. 
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CLINICAL AND RADIOGRAPHIC “REANKYLOSIS” 
FOLLOWING HIP SURGERY IN 
ANKYLOSING SPONDYLITIS 


Donatp Resnick, Isaac L. Dwosu,? THomas G. Gorrcen,! Rosert F. SHAPIRO,’ 
AND Rosert D’Amprosia‘ 


ABSTRACT: 


Eleven patients with ankylosing spondylitis underwent reconstructive hip 
surgery (21 hips). In 10 of these hips multiple surgical procedures had been per- 
formed. The final procedure included total hip arthroplasties (16 hips), femoral cup 
arthroplasties (four hips) and an Austin-Moore prosthetic replacement (one hip). 
A clinical and radiographic evaluation in the postoperative period revealed a high 
incidence of decreased joint motion and heterotopic ossification. Clinically moderate 
to severe restriction of motion was noted in 12 hips, and in six of these “‘reankylosis” 
was present. Radiographically moderate to severe new bone formation was seen in 
11 hips, and in nine of these “reankylosis” was suggested. An association of excessive 
ossification and multiple surgical procedures was evident. It would appear that when 
the prime indication for hip surgery in patients with ankylosing spondylitis is re- 


stricted motion, the operation may not be beneficial. 


Total hip replacement arthroplasty is being 
utilized extensively for the treatment of 
patients with osteoarthritis. Preliminary 
results have been encouraging, and the 
procedure has been extended to include 
individuals with other arthritic disorders. 
In the postoperative evaluation of several 
patients with ankylosing spondylitis, a 
surprisingly high incidence of heterotopic 
ossification was noted. Consequently, a 
more complete investigation of the role of 
hip surgery in patients with this disease 
was undertaken. 


SUBJECTS AND METHODS 


The clinical records and radiographs of 102 
patients with definite ankylosing spondylitis 
(Rome criteria) were reviewed. Of this group, 
II patients were found who had undergone 
reconstructive hip surgery. When possible, 
these individuals were recalled for further clini- 
cal.and x-ray examination. The clinical parame- 
ters emphasized included current age, age of 
onset, site of disease, extent of peripheral joint 





involvement, and pre- and postoperative 
symptoms and signs in the involved hips with 
particular attention to the range of motion. 
The number and dates of all previous surgical 
procedures on these hips were recorded. Pre- 
and postoperative hip radiographs were studied 
to determine the pattern of initial joint involve- 
ment and the incidence and extent of hetero- 
topic ossification following surgery. 


RESULTS 


A summary of patient data is given in 
table 1. All 11 patients were males with an 
average age of 49 years (range 24-73); 
average age at disease onset was 21 years 
(range 14-36). Hip involvement was gener- 
ally bilateral and symmetrical and occurred 
early during the course of the disease. Addi- 
tional peripheral joint abnormalities were 
present in nine of II patients. 

Preoperative clinical examination of the 
hips frequently revealed local pain on mo- 
tion, regional muscle atrophy, and flexion 
contractures of varying severity. A univer- 
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TABLE 1 
PATIENT ANALYSIS 
n I IIIu 
PERIPH- CuınıcaL FoLLow-uP X-rAY FOLLOW-UP 
AGE ERAL — 
oF  JoInT Prior Finat Hip Surcery Inter- Assessment* Inter- Assessment 
PATIENT Ace Onset Dis- Hip val val 
No. (Yr) (Yr) EASE Sipe Surcery Date Type (Mo) (Mo) 
nnn nnn EEE 
t PORTET E 49 18 + R — 1970 THR 54 ++ 54 +++ 
L — 1970 THR 54 ++ 54 +++ 
EET 54 23 — R = 1972 THR 30 + 30 +++ 
k + 192 THR 30 +++ 30 ++ 
i eee 54 20 -+ R + 1971 THR 40 -= 20 +++ 
L + 1972 THR 36 +++ 18 +++ 
Bi ook apa 61 20 — R Ez 1973 THR 24 ++ 21 + 
L + 193 THR 24 ++ 20 ++ 
Rocce eem ais 63 36 + R — 1973 THR 12 + 4 — 
L — 1974 THR 9 =- I — 
Graded hese ço 36 Es R — 197I THR 42 -l ai — 
Å — 1972 THR 30 + 18 — 
r E ee 44 14 -H R + 1973 THR 24 + 3 — 
L — 1973 THR 24 ob I - 
EA 24 18 + R — 1972 THR 20 = 29 -= 
k; — 1969 Femoral 51 -= 21 — 
cup 
EAEE ae 73 16 + R -t 1970 Revised 29 ++ 29 +++ 
femoral 
cup 
E — 1972 THR I =- I — 
(= EEEE 38 16 + R — 1968 Femoral 75 +++ 75 +++ 
cup 
L + yo Aute g. tr §9 PTT 
Moore 
S E ET 28 16 -+ R + 1969 Femoral 72 +++ 72 +++ 
cup 
o A aaam 
Nore.—All patients were males. THR= total hip arthroplasty. 
* += mild symptoms and signs; +-+ = moderate; +++ = clinical “reankylosis” of joint. 
+ —=absent new bone formation; += mild new bone formation; ++ = moderate; +++ = apparent “reankylosis” of joint. 


sal finding was decreased range of motion, 
particularly in internal and external rota- 
tion and flexion. Preoperative radiographs 
were available for nine hips in six patients. 
The radiographic abnormalities in seven of 
these hips were characteristic of the dis- 
order [1] including axial migration of the 
femoral head in relation to the acetabulum, 
concentric joint space loss, mild to severe 
protrusio deformity, subchondral cysts, 
and “ring” osteophytes about the femoral 
neck. Complete bony ankylosis was noted 
in one hip. 

A total of 35 surgical procedures of the 


hip were required in these patients. Initial 
cup arthroplasties had to be revised in 
three patients (nos. 2, 3, and 9) due to per- 
sistent discomfort or restricted motion with 
heterotopic ossification. An additional pa- 
tient (no. 4) had extensive bone formation 
about bilateral femoral prostheses, and 
subsequent total hip arthroplasties were 
performed. The final surgical procedure in 
the 11 patients (21 hips) included total hip 
arthroplasties (16 hips), femoral cup arthro- 
plasties (four hips), and an Austin-Moore 
prosthetic replacement (one hip). 

Clinical and x-ray follow-up after the 
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final procedure averaged 35 months (range 
1—75 months) and 29 months (range 1-75 
months), respectively. Postoperative pain 
and loss of joint motion were graded from 
mild to severe (table 1). In the severe cate- 
gory, apparent “reankylosis” of the hip 
joint was suggested by extensive loss of 
actrve and passive motion. The extent of 
heterotopic bone formation on postopera- 
tive radiographs isealso shown in table 1. 
In the severe category, ‘‘reankylosis” of the 
joint was suggested by complete para- 
articular osseous bridging. In five of the 
nine hips in which heterotopic ossification 
was absent, follow-up was 4 months or less. 
There was generally good correlation be- 
tween the extent of radiographically evi- 
dent heterotopic bone formation and the 
degree of joint immobility. 

Multiple surgical procedures had been 
performed on 10 hips in seven patients. In 
these patients, clinically moderate or severe 
restriction of motion was frequent follow- 
ing the final operation (table 2). In addi- 
tion in these Joints, radiographic “‘reankylo- 
sis” was noted in six hips. Thus of nine hips 
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TABLE 2 
POSTOPERATIVE ABNORMALITIES AFTER SINGLE 
OR MULTIPLE SURGICAL PROCEDURES 











SURGICAL PROCEDURE 








ABNORMALITY Single Multiple 
Clinical symptoms and signs: 
a De ko can pues deh a9'S T 8 I 
Moderate sarrerea 2 4 
ra aT APTES EEST I 
Heterotopic ossification: 
T T EEEE es 8 I 
ni AT e PEE S EE DE ETE O I 
Moödérate: ese etm s oe awe O 2 
DOC P EIE AEE E EE 3 6 











Nore.—Multiple surgical procedures performed on 10 hips in 
seven patients. 


with severe ectopic ossification on x-ray, 
six had been sites of multiple procedures. 
Superficial or deep wound infections, 
present in three patients (nos. 2, 5, and 7) 
were not associated with a higher incidence 
of clinical or radiographic “reankylosis.”’ 
No association between the extent of 
postoperative paraarticular ossification and 





Fis, 1.—Patient 3: reankylosis following cup arthroplasty and subsequent total hip replacement. 4, 
Considerable bone formation about superior and inferior aspects of left femoral cup (arrows) resulting in 
apparent ankylosis of joint. B, Two months after total hip replacement, ectopic ossification is apparent 
(arrow). Minimal radiolucency is seen between acetabular cement and subjacent bone. C, Radiographic 
evaluation 6 months postoperatively demonstrating almost complete paraarticular bony bridging (arrow). 
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Fic. 2.—Patient 4: heterotopic ossification following femoral prosthetic replacements and total hip 
arthroplasties. 4, Moderate to extensive new bone formation about femoral prostheses on both sides (arrows). 
B, Evaluation 2 years postoperatively showing mild (right side) and moderate (left side) heterotopic 
ossification about total hip arthroplasties (arrows). 


that of new bone formation or ‘‘whiskering”’ ankylosing spondylitis with involvement of his 


about the pelvis could be established. lower back, hips, and neck at age 20. In 1947 he 
had a right femoral cup prosthetic replacement, 

. CASE REPORTS and in 1948 a similar operation on the left. Due 
Patient 3 to persistent pain, he had a revision of his right 


This 54-year-old man had the onset of femoral cup arthroplasty in 1967. Radiographs 














Fic. 3.—Patient 10: reankylosis following cup arthroplasty and Austin-Moore prosthetic replacement. 
A, Mild to moderate bone formation about right femoral cup (arrow). Left hip demonstrates symmetrical 
joint space loss, sclerosis, and acetabular osteophytosis. B, Moderate new bone formation (arrowhead) seen 3 
months after Austin-Moore prosthesis used to replace previous left femoral cup arthroplasty. Tilting of right 
femoral cup and mild protrusio deformity evident with adjacent new bone formation (arrow). C, Apparent 
ankylosis about femoral cup arthroplasty (arrow) and protruding and loosened Austin-Moore prosthesis 
(arrowhead) 45 years later. 
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TABLE 3 


HETEROTOPIC OSSIFICATION AFTER TOTAL Hip ARTHROPLASTY 








Reference 


Incidence (%) 


Comment 





RAPES PEE I E E 5 
PORE k oo ad ace oe cian cad aa gad 8 
8. 


Patterson and Brown [4]............ 7 
Ce ee ee ee ee IO 
enre T EEE E E E 14 
Hamblen et al 19 iipoccgavatewecawa 20 
Brooker et al. [8]..................- 21 
Nollen and Slooff [9]................ a 


Study of 379 hip replacements 

Noted in four of 50 hips followed more than 1 year 

More frequent following multiple procedures or 
infection 

Indicated those cases with “extensive” ossification 
only; more frequent following multiple procedures 
and infection or loosening ° 

Affected joint motion in only 3% 

Severe joint restriction in only 3% 

Complete “‘reankylosis” in 2%; more frequent 
following multiple procedures 

Complete “‘reankylosis” in only 7% 





in 1971 revealed extensive new bone formation 
about both cups (fig. 14). In November 1971 
and February 1972 he underwent total hip 
arthroplasties on the right and left side, respec- 
tively (fig. 1B). Radiographs 6 months post- 
operatively (fig. 1C) revealed apparent ‘“‘re- 
ankylosis” about both hips. In 1975 his hip 
movement in degrees right over left was 
flexion 20/10, abduction 20/15, adduction 
10/15, internal rotation 5/0, and external rota- 
tion 20/30. His left leg was externally rotated 
20°. At present he is severely disabled and uses 
a special reclining wheelchair. 


Patient 4 


The onset of ankylosing spondylitis in this 
61-year-old man was at age 20. Because of 
severe hip involvement he underwent bilateral 
femoral prosthetic replacements in 1952. In 
1973 he had recurrent hip pain and was ambu- 
lating with crutches. Hip movement at that 
time in degrees right over left was flexion 85/70, 
abduction 10/5, adduction 20/10, external 
rotation o/o, and internal rotation o/o. He had 
bilateral flexion contractures and widespread 
periarticular bone formation (fig. 24). He 
underwent bilateral total hip replacements. On 
a postoperative evaluation 6 months later the 
patient demonstrated mild to moderate bi- 
lateral heterotopic ossification. Hip movement 
in degrees right over left was flexion 90/80, 
abduction 15/15, adduction 5/o, external 
rotation 20/10 and internal rotation o/o. An 
additional examination 2 years postoperatively 
revealed no change in range of hip motion (fig. 
2B). More recently he has complained of in- 
creasing pain in his left hip. 


Patient ro 


This 38-year-old man had onset of ankylosing 
spondylitis at age 16 with pain and swelling in 
his ankles. Eventual involvement of other 
peripheral joints and the lower spine occurred. 
Progressive pain and decreased motion in his 
hips developed, and in 1968 a right femoral cup 
arthroplasty was performed. There was no in- 
crease of hip motion following the surgery (fig. 
34). In 1969 he underwent a left femoral cup 
arthroplasty. His left hip pain increased post- 
operatively and was associated with a “grating” 
sensation. An Austin-Moore prosthetic replace- 
ment of the left hip was accomplished in 1970, 
but continuous pain developed thereafter (fig. 
3B). Evaluation 44 years later showed exten- 
sive heterotopic ossification about the femoral 
cup and Austin-Moore prosthesis (fig. 3C). 
Currently the patient has pain in both hips and 
no measurable joint motion. 


DISCUSSION 


Paraarticular ossification of the hip is a 
recognized complication following total 
joint arthroplasty. Its reported incidence 
has varied from 5% to 53% (table 3). Some 
of this variation has related to the length 
of follow-up and method of classification. 
No definite association between the inci- 
dence of heterotopic ossification and the 
type of prosthesis has been established 
[8], although a higher incidence of soft 
tissue bone formation is noted in hips which 
have been infected or sites of multiple surgi- 
cal procedures [4, 5, 8]. Ectopic ossification 
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following cup arthroplasty has been re- 
perted in 30% of cases [7]. 

There have been fewer reports indicating 
the incidence of new bone formation follow- 
ing arthroplasty of the hip in ankylosing 
spondylitis. In a long-term follow-up study 
of cup arthroplasties in rheumatic pa- 
tients, Edstrom and Fellander [10] noted 
that although the range of motion was 
definitely improved in the postoperative 
period, marked new bone formation oc- 
curred in nine of 37 hips. It cannot be 
determined whether this ectopic ossifica- 
tion was present in patients with ankylosing 
spondylitis or rheumatoid arthritis. Free- 
man [11] studied the results of McKee- 
Farrar total hip arthroplasty in patients 
with rheumatic diseases, including four 
patients with ankylosing spondylitis, and 
noted one individual with “ectopic calcifi- 
cation.” It is not clear in this study what 
criteria were used for determining the pres- 
ence of such calcification and whether the 
patient with this complication had ankylo- 
sing spondylitis or another rheumatic dis- 
ease. In a report of 33 total hip arthroplas- 
ties in patients with ankylosing spondylitis, 
Welch and Charnley [12] found none with 
clinical ‘‘reankylosis’’ postoperatively, al- 
though ectopic bone formation was occa- 
sionally noted. Duration of disease and hip 
symptomatology in these patients was 
shorter than in ours, and the number of 
individuals with multiple hip operations 
cannot be determined. Arden et al. [13], in 
an evaluation of total hip replacements in 
juvenile chronic polyarthritis and ankylo- 
sing spondylitis, included 10 patients with 
the latter disease who underwent 14 
arthroplasties. Although one cannot be 
certain whether these investigators 
searched for postoperative new bone for- 
mation, it is significant that some patients 
with ankylosing spondylitis had only “fair” 
results regarding increased range of motion 
follewing surgery. The only case of com- 
plete ‘“‘reankylosis” following total hip 
replacement in a patient with ankylosing 
spondylitis was reported by Wilde 
et al. [14]. The patient, a 57-year-old man 
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who developed bony ankylosis following 
bilateral cup arthroplasties, subsequently 
ankylosed again after a unilateral Charn- 
ley-Muller prosthetic replacement. 

In our patients clinical “reankylosis” 
occurred in six of 20 hips (30%) followed 
postoperatively for longer than 6 months. 
Similarly, radiographic “reankylosis” was 
suggested in nine of 16 hips (56%) followed 
for at least 6 months, although in some 
patients limited motion was still present in 
joints which were interpreted as ankylosed 
on x-ray. 

The etiology of this apparent high inci- 
dence of heterotopic bone formation follow- 
ing hip surgery in patients with ankylosing 
spondylitis is obscure, although it is par- 
ticularly common following multiple surgi- 
cal procedures. Bony proliferation leading 
to intraarticular ankylosis and “‘whisker- 
ing” at sites of ligament attachment is 
frequent in this disorder. Perhaps surgical 
intervention in these patients, by changing 
the local environment around the joint, 
accentuates osteoblastic activity leading to 
excess ossification. Although we have noted 
mild heterotopic ossification following hip 
arthroplasty in patients with osteoarthritis 
or aseptic necrosis of the femoral head, this 
finding is relatively infrequent and generally 
unassociated with clinical abnormality. 
Since heterotopic ossification appears to 
be a significant problem postoperatively in 
some patients with ankylosing spondylitis, 
hip arthroplasty may not be a useful pro- 
cedure in this disorder when the prime indi- 
cation for such surgery is restricted motion 
of the joint. 
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MEDIAL DEVIATION OF THE UPPER POLE CALYX 
ON THE INTRAVENOUS UROGRAM AS AN 
INDICATION OF VESICOURETERAL REFLUX 


R. Brent Harrison,! Sruarr S. Howarps,? ano Bruce R. Tuomas! 


ABSTRACT: 


Fighty-three intravenous pyelograms were studied to evaluate thinning of the 
parenchyma on the medial edge of the superior pole of the kidney as an indicator 
of vesicouretefal reflux. The data indicate that this finding is suggestive of reflux: 
the greater the difference between the two sides, the more likely the patient is to 


reflux. 


The association of vesicoureteral reflux, in- 
fection, and parenchymal scarring is well 
established [1]. Evidence of scarring or pa- 
renchymal loss is widely accepted as an in- 
dication for cystography. However, minimal 
parenchymal scarring in children may not 
be readily appreciated on the intravenous 
urogram. Filly et al. [2] suggest that renal 
parenchyma be compared on a point-by- 
point basis from side to side and from one 
examination to the next. Such measure- 
ments are often difficult or impossible in 
children due to overlying gas and fecal ma- 
terial. 

Several observers have noted that the 
kidney moves closer to midline when scar- 
ring 1s present [3; 4, p. 148]. Friedland et al. 
[3] documented this with measurements of 
the distance from the upper pole calyx to 
the spine in 177 female children. They also 
feund a remarkable consistency in this 
measurement between the two sides in nor- 
mal children. The difference between the 
two sides averaged slightly over 1 mm, with 
the greatest difference being 2.9 mm in 11- 
year-olds. 

We recently observed several cases of 
unilateral reflux in which the upper pole 
calyx on the refluxing side was closer to 
midline than its nonrefluxing counterpart. 
In some of these cases other signs of reflux 
were present, such as ureteropyelocaliec- 
tasis (fig. 14) or atrophy of the kidney 


(fig. 1B). In others, there were few if any 
additional radiographic stigmata of reflux 
(fig. 2). 

We therefore initiated a retrospective 
study to document the frequency of med al 
deviation of the upper pole calyx in normal 
and refluxing patients. 


MATERIALS AND METHODS 


A total of 83 intravenous pyelograms from 
82 patients were selected for study. All pa- 
tients had at least one cystogram. Cases with 
gross distortion of the upper tracts were ex- 
cluded from the study, as were patients wizh 
spine or rotation anomalies which would dis- 
tort measurements. The distance from tie 
medialmost tip of each superior calyx to the 
interpedicular point was measured. We selected 
the supine film without compression on which 
the upper tracts were best seen. Films wizh 
significant rotation were excluded. There was 
usually good correlation when several films 
from the same patient were evaluated. 

The series was divided into three groups: 70 
patients with normal cystograms, 33 with uni- 
lateral reflux, and 19 with bilateral reflux. The 
type reflux was also noted (i.e., high pressure or 
low pressure). Low pressure cystograms are done 
with the meniscus 15 cm above the pubic 
symphysis, and high pressure cystograms were 
done with the patient straining, voiding, or with 
the meniscus 30 cm above the pubic symphysis. 
The high pressure—low pressure terminology has 
been used in this institution for many years. 
We agree with Williams [s5, p. 117] and C. J. 
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Fic. 1.—A, IVP showing mild ureteropyelocaliectasis on right with right upper pole calyx 3 mm closer to 
midline. Cystogram demonstrated right reflux. B, IVP showmg right kidney smaller than left and right 
superior calyx 7 mm closer to midline. Cystogram demonstrated right reflux. 


Hodson (personal communication) that this 
terminology is somewhat confusing since the 
low pressure reflux is actually a more severe 
reflux than high pressure reflux. Thus in this 
discussion, high pressure reflux should be con- 
sidered the milder form of reflux. 


RESULTS 


The data are expressed both as the ab- 
solute difference in distance between the 
two sides and the relative difference. The 





“Tay = 


relative difference is expressed as a per- 
centage of the average distance from each 
superior calyx to midline: 
difference in mm 
a N TO 
(R + L distance)/2 


Normal Group 


Of the 30 patients with normal cysto- 
grams, 23 (77%) had absolute differences 





Fic. 2.—4, Normal-appearing IVP except parenchyma thinner on left and left superior calyx 4 mm 


closer to midline. Cystogram demonstrated left reflux. B, Normal-appearing IVP except parenchyma thinner 
on left with medial deviation of left superior calyx. Cystogram showed left reflux. 
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ef 2 mm or less between the two sides and a 
relative difference of 8% or less. Only one 
ease showed a relative difference of over 


r7%: 
Unilateral Reflux Group 


Among 33 patients with unilateral reflux, 
r2 (36%) had absolute differences of 2 mm 
or less and relative differences of 8% or 
less; 10 (30%) Ħad relative differences of 
17% or more (table 1). The absolute differ- 
ences in this group (>17% relative differ- 
ence) ranged from slightly over 4 mm to 17 
mm. The refluxing side was closer to mid- 
lme in 85% of patients. The nonrefluxing 
side was closer to midline with a relative 
difference of 8% or greater in only two 


cases (6%). 


Bilateral Reflux Group 


Of the 19 patients with bilateral reflux, 
six (32%) showed absolute differences of 
less than 2 mm and relative differences of 
8% or less. Six (32%) showed relative dif- 
ferences of 17% or greater. The absolute 
differences in this group (>17%) ranged 
from 6 mm to 13 mm. 


High Pressure versus Low Pressure Reflux 


Of the 30 patients with normal cysto- 
grams, only 23% had relative differences of 
over 8%. However, of the 21 patients with 
low pressure reflux, 81% had relative differ- 
ences of over 8%. Of the 31 patients with 
high pressure reflux, 42% had relative dif- 
ferences of over 8%. 


Statistical Analyses 


The data were subjected to extensive sta- 


TABLE 1 


RELATIVE DIFFERENCE IN DISTANCE FROM 
SUPERIOR CALYx TO MIDLINE 


RELATIVE DIFFERENCE (%) 


Group o-8 8-13 13-17 17-55 Tora. 
Normal....... 23 4 2 I 30 
Unilateral 

SVK csta T2 6 5 IO 33 


IIQI 


TABLE 2 


PROBABILITY OF ABNORMALITY BASED ON RELATIVE 
DIFFERENCE IN DISTANCE FROM SUPERIOR 
CaLyx To MIDLINE 


Method of Analysis and Relative 
Difference (%) 


Probability 
(Abnormal: Normal) 


Liberal: 
SEARE EAA eee weet a1 
E AEAEE bile MR ERA ROR Ast 
Oe eee ee T eee ee bit 


moe 
nt 
i | 
mem UM 


tistical analyses including the Wilcoxan, x’, 
and quantile tests as well as goodness of fit. 

The normal and unilateral reflux popula- 
tions as well as the normal and low pressure 
reflux populations were found to be sta- 
tistically different with a high degree of 
confidence. The normal and high pressure 
reflux populations were also statistically 
different. The greater the difference, the 
more likely the patient is to reflux (table 2). 
With relative differences of 17% or more, 
the probability of reflux ranges between 2:1 
and 6:1, depending on the method of anal- 
ysis used. With relative differences between 
8% and 17%, the probability of reflux 
ranges from 7:5 to 2:1, again, depending 
on the method used. 


DISCUSSION 


Vesicoureteral reflux is one of the most 
controversial problems in pediatric urology. 
The diagnosis of reflux in the young child is 
often difficult because the symptoms are 
usually nonspecific [6]. The pathophysiol- 
ogy of reflux is poorly understood, although 
the work of Stephens and Lenaghan [7] and 
Tanagho et al. [8] has shed considerable 
light on the problem. There are conflicting 
reports as to whether reflux is primary or 
secondary and whether reflux alone pro- 
duces renal damage or must be associated 
with infection [9-14]. There is also dis- 
agreement over the proper management of 
this condition [14-16]. 

Little confusion exists over the signifi- 
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Fic. 3.—/, IVP at age 5 showing left superior calyx siightly closer to midline. B, IVP 3 years later showing 


left caliectasis and medial deviation of left superior calyx. Cystogram showed left low pressure reflux. 


cance of vesicoureteral reflux. Reflux is as- 
sociated with infection and renal damage in 
a high percentage of cases. Scott and 
Stansfield [1] found parenchymal scarring 
in 61% of kidneys with refluxing ureters 
and in only 7% with ureters that did not 
reflux. They also found reflux in 35% of 
children with infection [1]. The work of 
Hodson and Wilson [17] indicates a fatal 
outcome in the majority of cases with bi- 
lateral scarring, except when the scarring 
is minimal. Both Hodson [1 8] and Rolleston 
et al. [19] feel that the young kidney is par- 
ticularly vulnerable to reflux. Therefore the 
importance of early diagnosis of vesicoure- 
teral reflux is clear. The potential hazards 
of instrumenting the lower GU tract make 
most clinicians hesitant to submit every 
child with fever, failure to thrive, or feed- 
ing problems to cystography. The IVP is 
usually preferred as a screening procedure. 
This report is an attempt to add one more 
finding, asymmetry of position of the upper 
pole calyces, to the list of indications for 
cystography. 

In the review of case material, we were 
able to document change in the position of 
the upper pole calyx over a period of time 
in only one case (fig. 3). Since this is largely 
a referral center, changes were usually 
present when the patient was first seen. 
However, this case would support the sug- 


gestion of Filly et al. [2] that fixed points be 
compared from study to study to evaluate 
renal damage. 

This sign is based on the fact that renal 
damage associated with reflux is more 
likely to occur first in the upper poles. 
There is considerable support for this con- 
cept in the literature. Hodson and Wilson 
[17] found intrarenal reflux and focal scar- 
ring to occur more commonly in the upper 
poles. In normal individuals, the renal sub- 
stance was found to be thicker in the upper 
poles and remarkably constant in all four 
poles [18]. Rolleston et al. [20] have further 
confirmed that the area of intrarenal reflux 
correlates well with the area of focal scar- 
ring. Ransley and Risdon [21] have recently 
reported that papillary-duct orifices in the 
pig are more open in the upper and lower 
poles and therefore more subject to intra- 
renal reflux. Preliminary observations sug- 
gest that such “refluxing papilla” also oc- 
cur in the upper and lower poles in humans 
[21]. Fibrosis of the papillae have been de- 
scribed in hydronephrotic kidneys. This is 
presumed to be the result of pyelotubular 
backflow [9]. However, this conclusion has 
been questioned [22]. 

In our review of case material, we found 
several instances in which reflux occurred 
on only one of two sequential cystograms 
obtained within weeks or months of each 
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other. This confirms the observations of 
others that reflux may be an intermittent 
phenomenon [23-25]. This raises the pos- 
sibility that perhaps some of our “normals” 
with wide differences in measurements 
ceuld be intermittent refluxers. 


CONCLUSIONS 


From these data we conclude that renal 
damage associated with reflux and possibly 
infection frequently occurs first in the up- 
per poles. This results in a loss of paren- 
chyma on the medial edge of the kidney 
and medial deviation of the upper calyx. 
Such parenchymal damage may occur with 
minimal distortion of the calyceal architec- 
ture. Relative differences of 8%-17% (3-6 
mm) should be viewed as suspicious and 
correlated with other findings in deciding 
whether to obtain cystography. Relative 
diterences of over 17% should be an indi- 
cation for cystography and probably is an 
indication for delayed or voiding cine- 
cystography if the initial study is negative. 
Patients with low pressure reflux had renal 
damage more frequently than those with 
high pressure reflux. 
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ULTRASOUND DIAGNOSIS OF POSTTRANSPLANT 
RENAL LYMPHOCELE 


Josepu F. Puriurps,!? Harvey L. Neman, anp Tuomas L. Brown! 


ABSTRACT: 


Two cases of posttransplant renal lymphoceles were diagnosed and followed by 
ultrasound. Lymphocele formation is a significant but often not thought of cause in 


a rejectionlike picture. 


Because of its noninvasive nature, ultrasound is an ideal 
8 


method to detect and follow this complication. 


The development of a lymphocele is an 
uncommon but serious complication of 
renal transplant surgery. A lymphocele can 
present with signs mimicking rejection of 
the kidney, and it is frequently diagnosed 
only after considerable host insult and 
damage has occurred. Ultrasound is an 
extremely useful tool to detect the presence 
of a lymphocele because it readily dis- 
tinguishes the fluid collection from the 
surrounding soft tissue. Ultrasound avoids 
the use of contrast material or instrumen- 
tation of the genitourinary system, and it 
can be performed even in the absence of 
renal function. Ultrasound can also be used 
to determine the approximate volume of 
fluid collection and to follow its progression 
or resolution. 


METHOD 


A commercially available Picker Echoview 
VITIA ultrasonic scanner with a 2.25 MHz, 1.2 
cm diameter, 10 cm focus transducer was used 
for the examinations. The patients were ex- 
amined in the supine position with transverse, 
longitudinal, and obligue cross sections. The 
bladder was emptied prior to examination. 


CASE REPORTS 
Patient 1 


R. M. is a 15-year-old female whose first 
transplant had been removed because of rejec- 
tion and a complicating lymphocele. Fifteen 
days after her second renal transplant, she de- 
veloped hypertension and an elevation of cre- 





atinine and BUN. Ultrasound examination of 
the second kidney showed a fluid-filled mass 
superior to the transplant (fig. 14). Surgical 
drainage of 2.5 liters of fluid was followed by 
internal marsupialization with a peritoneal win- 
dow. The patient’s renal function returned to 
normal. The collection recurred, and multiple 
percutaneous aspirations of up to 2,500 ml of 
fluid were performed. Serial ultrasound studies 
showed progressive increase in size with de- 
velopment of a huge retroperitoneal lymphocele 
(fig. 1B). A second operation was performed 13 
months posttransplant confirming the presence 
of a huge retroperitoneal lymphocele. It was 
loculated with multiple adhesions. Lysis of ad- 
hesions was performed and closed-tube sump 
drainage was instituted. This resulted in com- 
plete obliteration of the lymphocele. An ultra- 
sound study 4 months posttransplant showed a 
normal-appearing transplant bed (fig. 1C). 


Patient 2 


S. M. is a 25-year-old black male who de- 
veloped a right hydrocele 3 weeks after trans- 
plant surgery. The hydrocele persisted although 
renal function remained excellent. Percutaneous 
aspiration of the fluid collection was performed. 
The chemistry determinations revealed lym- 
phatic fluid. Ultrasound examination showed a 
collection of fluid lateral to the transplant 
(fig. 2). Surgical exploration disclosed a lym- 
phocele surrounding the transplanted kidney. 
Sump tube suction drainage was instituted. 
Initially 200-300 ml of fluid per day were 
drained. Over a period of 6-8 weeks drainage 
progressively decreased and then stopped. A 
repeat ultrasound examination showed oblitera- 
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tion of the cystic space and a normal-appearing 
transplant bed. The renal function remained 
excellent throughout the course of the disease. 


DISCUSSION 


Disturbance of renal function in the post- 
transplant period can be caused by im- 
munologic rejection, compromise of the 
renal artery or vein, and obstruction or 
disruption of the ureter. Another impor- 
tant possibility to consider is the formation 
of a lymphocele. 

There is a 1%-8% incidence of lympho- 
cele formation following renal transplanta- 
tien [1, 2]. The time of onset is from I to 17 
months after surgery [1]. Prior rejection 
episodes and postoperative or postdialysis 
renal hematoma are thought to be pre- 
disposing factors [3]. A lymphocele can 
present with various symptoms. It can 
mimic rejection by compromising renal 
function, probably secondary to compres- 


Fic. 1.—Patient 1. 4, Longitudinal scan 6 cm to 
left of midline showing transplanted kidney (K) in 
left iliac fossa. Mass (L) with few internal echoes lies 
superior to kidney. B, Repeat scan 1} months after 
drainage showing recurrence of lymphocele (L). 
It is well defined and has no internal echoes. C, 
Follow-up scan 4 months after second drainage show- 
ing complete resolution of lymphocele with normal- 
appearing transplant bed. 


sion of the renal parenchyma, and/or by 
displacement and kinking of the renal ves- 
sels and ureter. Some patients experience 
leg pain and swelling most likely secondary 
to venous compression or thrombosis. A 
palpable mass is frequently present in the 
larger lymphoceles. A hydrocele can also 
occur. 

Two possible sources are reported for the 
site of production of the lymphatic fiuid. 
Cutting of the recipient’s lymphatics dur- 
ing the transplant surgery could lead to 
extravasation of lymphatic material; this 
has been documented.by lymphography 
[4]. The second source is probably the 
transplant kidney itself, with lymph leak- 
age occurring from the pericapsular and 
hilar branches. Rejection may aggravate 
formation of a lymphocele because the 
ensuing edema of the kidney increases intra- 
renal pressure and therefore increases 
lymph flow [3]. Perirenal hematoma pro- 





Fic. 2.—Transverse scan 7 cm above symphysis 
showing collection of lymphatic fluid (L) lateral and 
posterior to transplanted kidney (K). 


duces a dead space and a potential site for 
collection of lymphatic fluid. 

Excretory urography is useful in the 
diagnosis of a lymphocele when it reveals 
displacement of the transplant or impres- 
sion on the bladder or ureter [1]. Its dis- 
advantages are that significant renal func- 
tion must be present and it necessitates 
Injection of contrast material. Retrograde 
cystography can reveal similar information, 
but it requires instrumentation of the blad- 
der. 

Ultrasound is ideally suited for the diag- 
nosis of lymphoceles because of its ability 
to detect fluid-tissue interfaces. It is non- 
Invasive and can be performed in the ab- 
sence of renal function. Typically a lympho- 
cele appears as a well-defined echo-free area 
adjacent to the renal transplant. It may 
extend in any direction. The differential 
diagnosis includes urinoma, abscess, and 
hematoma. Hematoma and abscess would 
be expected to show some internal echoes 
not seen in the entirely fluid collections of a 
lymphocele or urinoma. Percutaneous aspi- 
ration will yield fluid for the analysis of 
urea nitrogen and thus distinguish a lymph- 
ocele from a urinoma. Following exclusion 
of a urinoma, ultrasound can be used to 
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follow progression or resolution of the 
lymphocele. 

Possible treatment regimens include re- 
peat percutaneous aspiration, but this runs 
the risk of complicating infection and 
almost certain recurrence. External drain- 
age or marsupialization of a lymphocele 
has been advocated and is curative, al- 
though there is a risk of infection. Internal 
marsupialization avoids ‘most of the risks 
of infection; however, the lymphocele may 
recur [5]. Satisfactory results have also 
been obtained with continuous closed- 
suction drainage to obliterate the dead 
space until the collection of lymphatic 
fluid has ceased [3]. A small asymptomatic 
lymphocele can be followed and not 
treated surgically, since there can be 
spontaneous resolution [6]. 

Lymphocele formation can be prevented 
by careful ligation of all the recipient 
lymphatics and by avoiding postoperative 
hematoma formation through careful he- 
mostasis and careful anticoagulation [3]. 

The unsuspected lymphocele may mimic 
symptoms of renal transplant rejection. 
Ultrasound, because of its noninvasive 
nature, can be easily applied to all trans- 
plant patients to exclude this possibility. 
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PSEUDOTUMOR OF THE KIDNEY: A SEQUEL TO 
REGIONAL GLOMERULONEPHRITIS 


Tuomas A. Depner,! Kevin G. Ryan,? anp Hirosui YAMAucuI'” 


ABSTRACT: 


An unusual case of chronic renal failure associated with an abnormal intravenous 
urogram simulating renal neoplasm is discussed. Extensive radiographic and histo- 
logic studies support the contention that the observed mass lesion resulted from a 
segmental or regional compensatory hypertrophy. It is likely that this case repre- 
sents a variant of unilateral glomerulonephritis with sparing of a segment or lobe 
of one kidney and subsequent hypertrophy of that segment as the remaining renal 


mass atrophied. 


INTRODUCTION 


Mass lesions of the kidney formed by local 
overgrowth of otherwise normal renal 
parenchyma may simulate renal tumors 
when viewed by intravenous urography or 
renal angiography [1-5]. The cause of these 
pseudotumors is presumed to be compensa- 
tory hypertrophy or a developmental 
anomoly involving only one segment or 
lobe of the kidney. The following case 
documents the development of such a 
compensatory hypertrophy in a patient 
with clinical and biopsy evidence for 
glomerulonephritis. 


CASE REPORT 


A 35-year-old construction worker was re- 
ferred to the Woodland Clinic on December 12, 
1973, for evaluation of chronic renal failure. 
Exactly 10 years previously, asymptomatic 
pyuria was noted after a routine examination, 
and an intravenous urogram was obtained 
(fig. 14). This study showed normal kidneys in 
all respects. Urinalysis revealed 2+ white 
cells, no red cells, and no protein. Urine cul- 
tures, including TB cultures, were negative, 
and cystoscopy was unremarkable. In July 
1971, hypertension was first noted and the 
patient was treated with diuretics. Subsequent 
blood pressures were normal or mildly elevated, 
and urinalyses revealed 1-2+ albumin. At the 
time of referral his blood pressure was 130/90 
mm Hg, BUN was sg mg/ioo ml, serum 


creatinine 4.5 mg/too ml, and creatinine 
clearance 19 cm*/min per 1.73 m? body surface 
area. His physical examination was unremark- 
able. 

An intravenous utogram demonstrated a 
mass at the Jower pole of the left kidney with 
marked contraction of the remainder of the left 
kidney and the entire right kidney (figs. 13 
and 2). A subsequent aortogram and selective 
renal arteriograms showed a normal vascular 
supply with marked hypertrophy of the inter- 
lobar arteries supplying the left lower pole. 
There was a generalized decrease in caliber of 
the remaining arteries and marked cortical atro- 
phy involving all but the left lower pole which 
was noted to have increased in size since the 
1963 study (figs. 3 and 4). With guidance from 
the angiographic nephrogram and fluoroscopy, a 
right percutaneous renal biopsy was obtained. 
This revealed crowding of numerous sclerotic 
acellular glomeruli with numerous senechiae 
but minimal periglomerular fibrosis. (fig. 54). 
A rare partially perfused glomerulus showed 
wrinkled and collapsed basement membranes on 
PAS stain but no proliferative changes (fig. 
5B). The arterioles, which were also crowded 
closely together, showed slight to moderate 
medial and intimal hypertrophy. There was 
also a mild interstitial round cell infiltrate and 
numerous atrophic cast-filled tubules simu- 
lating a thyroid appearance. Sections for im- 
munofluorescence and electron microscopy 
contained no perfused glomeruli. 

Treatment for hypertension was begun with 
25 mg hydrochlorothiazide, 50 mg triamterene, 
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Fic. 1.—A, Excretory urogram (1963). Slight dilatation of right renal collecting system can be attributed 
to abdominal compression used during examination. Right and left kidneys measure 12.0 and 13.1 cm in 
length, respectively. Complete urogram interpreted as normal. B, Excretory urogram IO years later. No 
contrast material visible within right kidney. Concentration within the left collecting system is normal, and 
except for enlargement at lower pole, cortical outline is markedly contracted. 


> 


and 125 mg alpha-methyl dopa twice per day. DISCUSSION 
His blood pressure subsequently fell to an aver- ee i 
age of 120/80 mm, and renal function remained Initial interpretation of the second uro- 
stable with a serum creatinine of 4.8 mg/too gram was that of tumor at the left lower 
ml 1} years after initial evaluation. pole with coincident atrophy of the right 








Fic. 2.—Excretory urography with nephrotomogram. Right kidney is small, measuring 9.5 cm in length. 
Note marked contraction of parenchyma of upper two-thirds of left kidney. Left lower pole is hypertrophied, 
measuring 8 cm in transverse diameter compared to 6 cm on 1963 urogram. 
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Fic. 3.—A, Selective left renal arteriogram. Upper two-thirds shows pruning of interlobular arteries and 
general decrease in caliber of arteries supplying this region. Interlobular arteries supplying lower pole are 


markedly hypertrophied. B, Nephrogram phase. 


sidney. However, closer scrutiny disclosed 
that all of the “nontumor-involved”’ renal 
mass was atrophic and led to a suspicion 
that the “tumor” was actually a hyper- 
trophied segment of the kidney at the left 
ower pole. This suspicion was confirmed by 
arteriography which, in addition, revealed 
patent vessels to all renal segments. The 
tumorlike expansion of the left lower pole 
resulted from compensatory hypertrophy, 
a process which is well described in uni- 
laterally nephrectomized patients under 30 
years of age [6]. Furthermore, the hyper- 
trophy observed attests to the complete 
protection or noninvolvement of that seg- 
ment of the kidney by a disease process 
which 1s no longer active. 

The urographic finding of nonuniform 
atrophy suggests pyelonephritis as the 
underlying pathology. This inammatory 
disease is notorious for its propensity to 


involve the kidney in a patchy distribution 
often resulting in an irregular cortical out- 
line with skip areas and focal scarring [7]. 
Indeed, asymmetric hypertrophy resulting 
from chronic pyelonephritis and simulating 
renal tumor has been described [2, 4]. How- 
ever, this patient’s clinical course is highly 
Inconsistent with classic pyelonephritis, 
and there have been a significant number 
of negative urine cultures. The observa- 
tions of minimal or no blunting of calyces 
and uniform involvement of the entire 
right kidney and upper two-thirds of the 
left kidney do not support the diagnosis of 
chronic pyelonephritis. Furthermore, the 
renal biopsy showed very little interstitial 
inflammation with no acute inflammatory 
cells and very little periglomerular fibrosis, 
all of which are prominent features of 
chronic pyelonephritis [8]. 

Severe hypertension may lead to uniform 
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Fic. 4.—Selective right renal arteriogram. Note marked pruning of interlobular arteries and remarkably 


thin cortex. Corticomedullary junction is preserved and medulla has maintained relatively normal size 


compared to 1963 visualization. 


diminution in kidney size secondary to 
arteriolar nephrosclerosis, a process which 
is often not found in the kidney protected 
by unilateral main renal artery stenosis 
[9, 10]. However, such severe renal atrophy 
is unlikely to have resulted from this pa- 
tient’s mild hypertension, which was of 
relatively short duration and well con- 
trolled with medications. The finding of 
only mild to moderate intimal and medial 
hypertrophy of the arterioles in the right 
renal biopsy specimen fails to support this 
diagnosis. Furthermore, the selective left 
renal arteriograms demonstrated no evi- 
dence for the conjectured stenosis. 

Cortical necrosis which can result from 
severe ischemia or intravascular coagula- 
tion 1s also a patchy process but is unlikely 
to have occurred in this patient since he 
did not recall a period of risk for this type 


of injury. The lack of cortical calcification 
and crowding of sclerotic glomeruli with 
minimal scarring seen in the biopsy fails to 
support this etiology. 

Diffuse cortical atrophy is most com- 
monly caused by chronic glomerulone- 
phritis which characteristically involves 
the kidneys in a uniform distribution re- 
sulting in smooth cortical outlines [8, 10, 
11]. These findings, together with the 
history of sterile pyuria, proteinuria, and 
the renal biopsy, point to a primary 
glomerular disorder. 

Reports of unilateral glomerulonephritis, 
however, raise the important question of 
whether a protective mechanism is acting 
which might spare an entire kidney or seg- 
ment of kidney, resulting in a nonuniform 
radiographic appearance [12-15]. In studies 
of rabbit kidneys subjected to chronic 
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together due to marked tubular atrophy. Note numerous synechiae between the glomerular tufts and Bow- 
man’s capsule. B, Single glomerulus revealing few patent capillary loops, loss of Bowman’s capsule, wrinkled 
and collapsed basement membranes, and moderate amount of fibrous connective tissue adjacent to glomerular 


tuft. 


serum sickness glomerulonephritis, Ger- 
muth et al. [16] observed that despite the 
presence of advanced disease, an occasional 
normal glomerulus was found associated 
with a greatly expanded Bowman’s space 
and an obstructing proteinaceous cast found 
distally in the same nephron. This observa- 
tion led to further studies which showed 
that constriction of the main renal artery or 
ligation of a ureter reduces or abolishes 
development of glomerulonephritis [17]. 
Presumably the combination of high hydro- 
static pressure and high filtration rate at 
the glomerulus are necessary for the en- 
trapment there of immune complexes and 
may explain why the kidney is often the 
only organ damaged by immune complex 
disease. There is no biopsy evidence for 
immune complex deposition in this pa- 
tient’s kidney, but the tissue was observed 
at a late state in the evolution of the 


glomerulonephritis when these elements 
may have disappeared. Whether a prctec- 
tive mechanism such as that suggested by 
Germuth and co-workers or an as yet un- 
known process may preserve the kidney 
from other destructive injuries remains to 
be established. 

This case, therefore, is a striking demon- 
stration of the development of a segmental 
compensatory hypertrophy mimicking re- 
nal tumor. Clinical, radiographic, and his- 
tological evidence implicates glomerulo- 
nephritis as the primary underlying insult 
which resulted in near total loss of renal 
function. This process, which later enced, 
spared the left lower pole allowing that 
subsequently hypertrophied segment to 
maintain the patient’s vital renal functions. 
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TORTUOSITY OF THE CAVERNOUS CAROTID 
ARTERIES CAUSING SELLAR EXPANSION 
SIMULATING PITUITARY ADENOMA 


Ricuarp D. ANDERSON?! 


ABSTRACT: 


Tortuous, medially-displaced cavernous carotid arteries may cause sellar enlarge- 
ment which gmulates pituitary adenoma. Systemic hypertension appears to ac- 
count for this tortuosity in some cases, while a congenital anomaly is probably 
responsible in others. Medical position of the carotid sulci may be demonstrated on 
sellar tomography. Cerebral arteriography provides the correct diagnosis. Surgery, 
particularly transsphenoidal hypophysectomy, should be avoided in such patiencs. 


When skull films demonstrate sellar expan- 
sion with an intact lamina dura, pituitary 
adenoma is the most likely diagnosis. In 
some instances surgery or radiation therapy 
has been undertaken without obtaining 
cerebral arteriography. The variety of 
other lesions which can cause these sellar 
changes, among them aneurysms of the 
internal carotid artery, makes this ap- 
proach unwise. We wish to report a vascu- 
lar anomaly which causes sellar enlarge- 
ment and for which peremptory surgery, 
particularly transsphenoidal hypophysec- 
tomy, could have an unfortunate result. In 
the following patients, tortuosity and devi- 
ation of the cavernous carotid arteries into 
the sellar midline caused sellar expansion 
which on plain films was indistinguishable 
from pituitary adenoma. Tomography sug- 
gested the entity in two cases. Cerebral 
arteriography was necessary for diagnosis 
and should be obtained before treatment of 
suspected pituitary neoplasm. 


CASE REPORTS 
Case I 


This 39-year-old white female was referred 
by her family physician for evaluation of severe 
hypertension of 3 years duration. She com- 
plained of headaches. Her past history in- 
cluded hysterectomy and bilateral oophorec- 
tomy for carcinoma of the cervix 13 years prior 
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to admission. On admission her blood pressure 
was 190/100, 

Skull films demonstrated that the sella was 
elongated in the AP dimension, measuring 19.5 
mm; the superoinferior dimension was 8 mm. 
Frontal tomograms demonstrated a convex 
sellar floor approximately 15 mm in width. The 
left carotid sulcus lay 3.5 mm from the midline 
in the midportion of the sellar floor (fig. 1C; 
more posteriorly the left carotid sulcus grooved 
the sphenoid 6 mm from the midline (fig. 1D). 
Lateral tomograms demonstrated thinning and 
posterior displacement of the dorsum with loss 
of the lamina dura along the inner aspect of the 
dorsum (fig. 14) and a deep left carotid sulcus 
(fig. 1B). The posterior clinoid processes were 
preserved. Estimated sellar volume was 1,170 
mm‘, 

Neurological examination, including visual 
fields, was negative. Papilledema was not pres- 
ent. Vanillylmandelic acid and catecholamine 
determinations were normal. The patient was 
thought to have essential hypertension. 

Although there was no clinical or endocrino- 
logical evidence of pituitary disease, the sellar 
changes were consistent with pituitary ade- 
noma. Additional studies were obtained. CT 
scan with contrast medium was negative. 
Cerebral arteriography demonstrated that the 
left cavernous carotid artery was tortuous, 
slightly ectatic, and extended into the sella 
within 2 mm of the midline (fig. 2). The left 
internal carotid at the level of the anterior 
clinoid was 3 mm from the midline. The right 
cavernous carotid was also tortuous and 
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Fic. 1.—Case 1. 4, Midline tomography in lateral projection showing localized erosion of lamina dura 
(arrow). B, Tomographic section 6 mm to left of midline showing left carotid sulcus. C, Frontal tomogram 
through sellar floor demonstrating left carotid sulcus 3.5 mm from midline (arrow). D, Frontal tomogram at 
level of dorsum demonstrating left carotid sulcus (arrow). 


slightly ectatic but lay 6 mm from the midline 
in the cavernous segment and 5 mm from the 
midline in the clinoid segment. No other ab- 
normalities were demonstrated. There were no 
angiographic signs of pituitary adenoma [1] or 
ventricular enlargement. 


Case 2 


This 50-year-old black male presented with 
a 3 month history of low grade fever, muscle 
pain, and headache. Physical examination 
demonstrated proximal muscle tenderness in 
the upper and lower extremities. Neurological 
examination, including visual field testing, was 
normal. There were no chiasmal signs or 
papilledema. His blood pressure was 110/60; 
there was no history of hypertension. Erythro- 
cyte sedimentation rate was elevated (46). 
Temporal artery biopsy was negative; muscle 
biopsy showed type 2 fiber atrophy. 


Plain skull films and lateral tomograms 
showed the sella to be enlarged, measuring 17 
mm in the AP and 12 mm in the superoinferior 
dimensions. The lamina dura was intact (figs. 
34 and 38). Frontal and lateral tomograms 
showed deep carotid sulci separated by only 1 
mm (fig. 3D). Sellar volume was calculated at 
102 mm’*. Even though no clinical or endocrino- 
logic evidence of pituitary disease was present, 
additional studies were requested because of the 
sellar changes. A pneumoencephalogram was 
negative (fig. 4). Cerebral arteriography dem- 
onstrated that both cavernous carotid arteries 
were tortuous and extended to within 1-2 mm 
of the midline at the level of the sella turcica 
(figs. 5 and 6). Bilateral selective external 
carotid arteriograms were negative. A CT 
scan with contrast medium demonstrated vas- 
cular structures consistent with the cavernous 
carotid arteries abutting and extending into 
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Frc. 2.—Left carotid arteriogram of case 1. 4, Frontal projection demonstrating left cavernous carotid 
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artery (arrow) extending to within 2 mm of midline. B, Water’s projection. C, Base projection. D, Lateral 
projection demonstrating slight ectasia and tortuosity of left cavernous artery (arrow). 


the sella turcica (fig. 7); the scan was otherwise 
negative. Since the clinical impression was 
polymyalgia rheumatica, the patient was placed 
on steroids, with subjective improvement. 


Case 3 


This 43-year-old black male complained of 
headaches following a fall. Seven years prior to 
admission a skull series after head trauma had 
shown sellar enlargement, but no additional 
workup was obtained. Physical examination on 


the present admission demonstrated a horizon- 
tal jerk nystagmus. Visual fields were normal; 
there were no chiasmal signs or papilledema. 
Blood pressure was intermittently elevated 
while in the hospital, varying from 120/70 to 
150/110. There was no prior history of hyper- 
tension; normal blood pressure readings had 
been obtained 7 years and 2 years previously. 
Skull series and lateral tomograms showed an 
enlarged sella turcica measuring 18 mm in the 
AP and 12 mm in the superoinferior dimen- 
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sions (figs. 8.4 and 8B). The skull was slightly 
asymmetric. Frontal tomograms showed the 
sellar floor to be concave, approximately 11 mm 
in width; portions of the right superolateral 
aspect of the sella floor were not visualized 





Fic. 4.—Pneumoencephalogram of case 2 showing 
no evidence of mass extending superior to sella. 
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Fic. 3.—Case 2. 4, Lateral plain skull film show- 
ing sellar enlargement. B, Midline tomogram in lat- 
eral projection showing sella to be enlarged with 
intact lamina dura. C, Tomographic section 6 mm to 
left of midline in lateral projection showing deep 
carotid sulcus (arrow). D, Frontal] tomogram through 
sellar floor showing deep bilateral carotid sulci 
(arrows); sellar floor narrowed to 1 mm width. 


(fig. 8D). This was felt to represent either ero- 
sion or the anomaly noted by Renn and Photon 
[2] in 4% of autopsy specimens in which certain 
segments of the cavernous carotid artery were 
in direct contact with sphenoid sinus mucosa. 
The dorsum sella had a narrow waist measuring 
4 mm, with deep lateral grooves caused by the 
cavernous carotid arteries (fig. 8£). On lateral 
tomograms the dorsum was thinned, but the 
lamina dura was intact (fig 8B); along the 
lateral aspect of the dorsum deep grooves were 
demonstrated (fig. 8C). Sellar volume was 
calculated at 1,188 mm‘. 

In spite of the absence of appropriate clinical 
and endocrinologic findings, it was thought that 
the sellar enlargement could be caused by a 
pituitary neoplasm; additional studies were 
obtained. The CT scan with contrast medium 
proved negative. Carotid arteriography demon- 
strated that both cavernous carotid arteries 
extended to within 1 mm of the midline at the 
level of the sella turcica (fig. 94). In the lateral 
view the cavernous carotid arteries demon- 
strated a flat contour (fig. 9B). Arteriography 
was otherwise negative; in particular there 
were no angiographic signs of pituitary ade- 
noma or middle fossa lesions. It was the clinical 
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Fic. 5.—Right carotid arteriogram of case 2. 4, Frontal projection showing right cavernous carotid artery 
(arrow) extending to within 1 mm of midline. B, Lateral projection showing tortuosity of right cavernous 
carotid artery (arrows). C, Base projection showing medial deviation of cavernous carotid artery (arrow). 


impression that the patient’s horizontal nys- 
tagmus was caused by a traumatic brain stem 
lesion. 


DISCUSSION 


When pituitary neoplasms expand the 
sella, the lamina dura usually remains in- 
tact initially. As the intrasellar pressure 
inereases, the lamina dura may be eroded; 
often this is an asymmetrical erosion [3]. 
In all the above cases the AP midline di- 
mension of the sella was increased. In 
cases 2 and 3 the lamina dura was intact, 
while in case 1 it showed localized erosion. 
Cerebral arteriography excluded pituitary 
adenoma in each case. Sellar expansion 
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Fic. 6.—Left carotid arteriogram of case 2. 4, Frontal projection showing left cavernous carotid artery 


(arrow) extending to within 2 mm of midline. B, Lateral projection showing tortuosity of left cavernous 
carotid artery (arrows). 


was caused by medial deviation of tortuous 
cavernous carotid arteries. 

Sellar volume determinations covered a 
wide range in these patients. The normal 
range cited by Di Chiro and Nelson [4] 1s 
233-1,092 mm’ (mean 594 mm?). Cases I 
and 3 showed increased volume, suggesting 
pituitary neoplasm. Case 2 showed de- 
creased volume because the carotid sulci 
narrowed the sellar floor to a 1 mm width. 
Since the cavernous carotid arteries ex- 
tended medial to the carotid sulci in cases 
2 and 3, actual sellar volumes were obvi- 
ously less than those calculated in these 
cases. 

The floor of the sella is commonly de- 
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Fic. 7.—CT scans of case 2. 4, Normal scan without contrast at level of sella, 20° to OM line. B, Scan with 
contrast at same level demonstrating structures which enhance with contrast (cavernous carotid arteries) 
and extend into sella bilaterally (arrows). 


pressed and widened by pituitary ade- 
nomas. Although they may expand asym- 
metrically, depressing the floor on one side 
only, we found no instance in the literature 
of adenomas causing the bilateral notched 
defects in the floor and dorsum demon- 
strated on tomography in cases 2 and 3. In 
case 2 the carotid sulci caused deep bi- 
lateral grooves in the sella floor, reducing 
its width to 1 mm; the normal width, taken 
as the distance between carotid sulci, is 
10-16 mm [5]. In case 3 the carotid sulci 
caused deep bilateral grooves in the lateral 
pillars of the dorsum sella, narrowing the 
waist of the dorsum to 4 mm side to side. 
The correct diagnosis was suggested after 
tomography in these cases. In the remain- 
ing patient (case 1), tomographic findings 
were Interpreted as consistent with pitu- 
itary neoplasm. 

Pituitary neoplasms often displace the 
cavernous carotid arteries laterally. In 
case I, one cavernous carotid artery was 
medially deviated, while the opposite cav- 
ernous carotid was a normal distance from 


the midline. In a study of 400 normal cere- 
bral arteriograms, Bernasconi and Pagni [6] 
found only two instances in which the me- 
dial aspect of the cavernous carotid artery 
was less than 6 mm from the midline (3 and 
§ mm). On the other hand, in their study of 
šo autopsy specimens, Renn and Photon 
[2] found five cases (10%) in which the 
cavernous carotid arteries lay within 4 mm 
of the midline. 

Judging from angiographic studies [6, 7], 
the latter probably does not reflect the true 
premorbid anatomy. Medial displacement 
of the cavernous carotid occurs in extra- 
cerebral tumors of the middle fossa [7, 8] 
and rarely in intraparenchymal middle 
fossa lesions [6, 7]. Bull and Shunk [7] 
reported a single case of chromophobe 
adenoma causing medial displacement of 
the cavernous carotid. The large dumb- 
bell-shaped mass extended from the sella 
into the middle fossa, causing marked ele- 
vation of the ipsilateral middle cerebral 
group. 

In cases 2 and 3, both cavernous carotid 
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Fic. 8—Case 3. 4, Lateral plain 
skull film showing sellar enlargement. 
B, Midline tomogram in lateral pro- 
jection showing enlarged sella; dor- 
sum is thinned, but lamina dura re- 
mains intact. C, Tomographic section 
6 mm to left of midline showing deep 
groove along inferolateral aspect of 
dersum caused by carotid sulcus 
(arrows). D, Frontal tomogram through 
fleor of sella showing concave floor 
and absence or erosion of right supero- 
lateral aspect of sellar floor (arrow). 
E, Frontal tomogram through dorsum 
showing dorsum deeply grooved on 
each side by carotid sulci (arrows). 
Superior to this, note markedly thin- 
ned posterior clinoid processes. 


arteries met in the sellar midline. The liter- 
ature gives no clear statement on the inci- 
dence of apposition of the cavernous carotid 
arteries within the sella turcica. In a study 
of 225 autopsy specimens, Bergland et al. 
[g| cite a single case in which the cavernous 
carotid arteries were separated only 4 mm 
at the level of the sella, with corresponding 
lateral compression of the pituitary gland. 
In a study of 50 autopsy specimens, Renn 
and Photon [2] make the statement that in 
“some” of their cases the cavernous carotid 
arteries were separated only 4 mm within 
the sella turcica. It is uncertain whether 
these postmortem findings correspond to 
the anatomy in life. Evidently none of 
these autopsy specimens showed sellar 
enlargement. 

Whether uncomplicated systemic hyper- 
tension causes demineralization of the 
sellar lamina dura has been debated 
[10-12]. One difficulty is that the patients 
studied are often elderly individuals in 
whom demineralization may occur on the 
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basis of age alone [10, 11]. Another prob- 


lem is that systemic hypertension can cause 
increased intracranial pressure, which 1t- 
self results in sellar demineralization. 
Jefferson [11] studied skull radiographs in 
33 hypertensive patients without papil- 
ledema and found sellar demineralization 
in 10%. Malmound [12] examined autopsy 
specimens and radiographs in 13 severe 
hypertensive patients and found no evi- 
dence of sellar demineralization. In a 
study of radiographs in 56 hypertensive 
patients, Fry and du Boulay [10] found 
sellar demineralization in 7%. None of 
these patients showed sellar enlargement. 

It has been suggested that excessive 
pulsation of the cavernous carotid arteries 
could be a mechanism of sellar deminerali- 
zation in systemic hypertension [10]. To 
our knowledge this has not been veri- 
fied. However, the findings in case I tend 
to confirm this: the patient’s left cavernous 
carotid artery was tortuous and extended 
into the sella within 2 mm of the midline, 
expanding the sella and demineralizing the 
inner aspect of the dorsum. 

Two different etiologic factors seem to be 
involved in these cases. Patient 1 had a his- 
tory of protracted hypertension, which 
probably accounted for tortuosity and 
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Fic. 9.—Left carotid arteriogram of case 3. 4, Frontal projection demonstrating medial deviation of left 
cavernous carotid artery (arrows) to within 1 mm of midline. B, Lateral projection demonstrating flattened 
contour of cavernous carotid (arrows). 


medial deviation of the cavernous carotid 
artery. Patients 2 and 3, on the other hand, 
had no history of hypertension, and their 
angiograms showed no evidence of arterio- 
sclerosis. Most likely the bilateral medial 
deviation of the cavernous carotid arteries 
and the deep bilateral grooves in the sellar 
Hoor and dorsum were the result of a con- 
genital anomaly. 

None of these patients had clinical or 
laboratory evidence of pituitary disease. 
This is not a valid point for differentiation, 
however, since pituitary neoplasms may be 
manifest by sellar enlargement only [12]. 
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SERIAL CEREBRAL ANGIOGRAPHY IN 
STEREOSCOPIC MAGNIFICATION 


MurtsuMasa TAKAHASHI,! YOSHIHARU TAMAKAWA,! Katsuya Goro, anb Mitsuo Kosaka? 


ABSTRACT: 


A ceiling x-ray tube support with synchronous up and down movements is de- 
scribed for obtaining two parallel x-ray beams with a short focal-film distance. 
Stereoscopic cerebral angiography is performed with direct serial magnification 
using a heavy-duty anode tube with a 0.1 mm focus. This technique combines the 
advantages of magnification and stereoscopic angiography. Small arterial and 
venous changes can be observed clearly in three dimensions. The usefulness and 
limitations of this method are discussed using clinical and experimental data. 


The value of stereoscopic angiography [1, 2] 
and serial magnification angiography [3-10] 
has been established in neuroradiology, and 
these technical modalities have been uti- 
lized in many medical centers. However, 
there have been no reports on combined 
stereoscopic magnification angiography in 
neuroradiology, although the simultaneous 
use of both techniques is apparently valu- 
able. This is partly due to the fact that 
conventional x-ray tube housings do not 
permit sufficiently close approximation of 
the x-ray focal spots for small-angle diver- 
gence of the beams at short focal-film 
distances. Special housings for two tube 
inserts for stereography are available but, 
lacking these, some other means must be 
found. 

To solve this problem, we have manufac- 
tured a ceiling x-ray tube support with 
synchronous up and down movements, 
thus obtaining two parallel x-ray beams 
with a short focal-film distance. The pur- 
pose of this communication is to report the 
merits and limitations of this method in the 
diagnosis of cerebral diseases. 


MATERIALS AND METHODS 
Equipment 


The synchronous movements of the x-ray 
tube are obtained with a small rotating disc 68 
mm in diameter mounted at the end of the ceil- 


ing tube support. The ceiling tube support is a 
special spring balancing system for the vertical 
travel of the x-ray tube. The unit can travel 
vertically subject to little inertia (fig. 1). The 
rotating movements of the disc are changed 
into the linear up and down movements of the 
ceiling tube support by means of a bar between 
the body of the ceiling support and the hole of 
the disc. The disc can turn 180° in 0.64 sec and 
comes to a complete stop immediately, during 
which time x-ray exposures are made. The disc 
can turn 180° every second or every other 
second. 

The disc has eight small holes at a distance of 
2.5 mm from the center, to which the bar of the 
ceiling x-ray tube support is fixed. Thus in one 
180° turn the disc can produce eight different 
linear movements from 20 mm to 55 mm in 
$-mm intervals (fig. 2). The electric current to 
the motor of the disc is taken from the main 
switch of the x-ray generator, which in turn is 
controlled by the AOT film changer. 

A heavy-duty rotating anode tube with o.1 
mm focus [11] was mounted on the ceiling sup- 
port, which can perform synchronous up and 
down movements, thus producing two parallel 
x-ray beams (fig. 3). The magnification factor 
routinely utilized is 2.5. Exposure factors in- 
clude 70-75 kVp, 30 mA, and 0.14 sec, with a 90 
cm focus-film distance [6-8]. An ordinary high 
speed film screen combination is used. 


Method 


Image deterioration by motion of the cei-ing 
support was tested by the modulation transfer 
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Fic. 1.—Ceiling x-ray tube support mounted with 
heavy-duty anode tube with a 0.1 mm focus. 


function. The coordination of the x-ray expo- 
sures and the movements of the ceiling support 
was recorded on a multichannel recorder. Ade- 
quate distance of the tube shifts was assessed 
using a skull phantom. 

Serial cerebral angiography in stereoscopic 
magnification was performed in the lateral pro- 
jection with use of transfemoral catheter tech- 
niques. Frontal, Towne, and oblique projec- 
tions were obtained with the usual magnifica- 
tion technique, using the same x-ray tube 
[6-8]. In most cases selective catheterization of 
the internal carotid, external carotid, and verte- 
bral arteries was performed. 

For serial stereoscopic magnification, injec- 
tion was made with an automatic injector 
(Cisal 1). Eight or nine films were loaded in the 
cassette, and the first film was exposed just be- 
fore the injection of contrast media. This was 
followed in 3 sec by simultaneous injection of 
contrast media and serial x-ray exposures. The 
second film was also a scout film without con- 
trast media in the cerebral arteries. The re- 
maining films were exposed one per second for 
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3 sec, followed by one film every 2 sec (fig. 4). 
Therefore, two base films with different beam 
angles were available for subsequent subtrac- 
tion and accurate reading. Injection speed of 
contrast media was slightly prolonged to 7-8 
cm? in 2.5 sec, using slightly lower injection 
pressure, so that at least two different arterial 
phases were available. 

A total of 200 cerebral angiograms, including 
those of 20 brain tumors and 30 vascular lesions, 
were performed on this unit, 


RESULTS 
Experimental Data 


The movements of the x-ray tube and the 
exposures, recorded on the multichannel re- 
corder, revealed good synchronicity with 
the speed of one movement per second 
(fig. 5). At higher speeds, synchronous mo- 
tion was disturbed. Deterioration of x-ray 
images was compared using the modulation 
transfer function. There was slight image 
deterioration with the use of the present 
technique (fig. 6). The most appropriate 
tube shift for good stereoscopic viewing 
was a 5.5 cm shift with a magnification 
factor of 2.5 and a focus-film distance of 
go cm. 


Clinical Data 


This technique combined the advantages 
of both magnification and stereoscopic an- 
giography. In most cases excellent mag- 
nified stereoscopic images were obtained in 
both arterial and venous phases. The tumor 
vessels and displaced small arteries and 
veins were clearly shown, providing easier 
evaluation of the extent of lesions compared 
to conventional cerebral angiograms. 

Stereoscopic images separated the over- 
lapping vessels, clearly showing the lesion. 
The neck of the aneurysm, particularly, 
could be seen without overlapping adjacent 
arteries. The origin and course of small ar- 
teries and arterial branches, such as the 
meningohypophyseal artery, lenticulostriate 
arteries, thalmoperforate arteries, and an- 
terior choroidal arteries, were shown to 
good advantage in three dimensions. Minor 
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Fig. 2,—Rotating disc installed at end of ceiling support showing higher (4) and lower (B) position of 


the tube. 


changes of these vessels could be convinc- 
ingly demonstrated in some cases. On the 
vertebral angiograms there was good stereo- 
scopic demonstration of nodular and cho- 
roidal branches of the posterior inferior 
cerebellar artery, pontine branches of the 
basilar artery, as well as the thalamoper- 
forate arteries. 


CASE REPORTS 
Case I 


This 25-year-old female with right thalamic 
tumor was admitted because of a 4-month his- 
tory of headache, nausea, and vomiting. Physi- 
cal exammation revealed moderate papilledema, 
left abducence palsy, and slightly disturbed 
consciousness. A left vertebral angiogram was 
performed by the transfemoral catheter tech- 
nique. The arterial phase showed the right 
lateral posterior choroidal artery markedly dis- 
placed posteriorly in an arcuate fashion, while 
the medial posterior choroidal artery was dis- 
placed anteriorly on the right. The findings 
placed a large tumor in the right thalamus. In 
addition, the left medial posterior choroidal 


artery and the right thalamoperforate arteries 
were displaced anteriorly (fig. 7). These findings 
were clearly discernible on stereoscopic mag- 
nification angiograms. 

Brain scan using 9°™Tc showed increased up- 
take in the pulvinar of the right thalamus. 
Pneumoencephalography also revealed a large 
lobulated tumor in the right pulvinar projecting 
into the trigone and elevating the floor of the 
dilated right lateral ventricle. There was slight 
midline shift of the third ventricle to the right. 


Case 2 


Case 2 was a 32-year-old male with right 
thalamic tumor. He gradually developed pro- 
gressive weakness of the left lower and upper 
extremities 3 months prior to the present ad- 
mission. Neurological examination revealed 
left-sided hemiparesis and hemiuhypesthesia. 
There was no papilledema. Internal carotid 
angiogram showed superior displacement in an 
arcuate fashion of one of the lenticulostriate 
arteries (fig. 8). This finding was not observed 
on conventional angiograms. On stereoscopic 
viewing, the remaining lenticulostriate arteries 
were all displaced anteriorly, although the lat- 
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Fic. 3.—Setup for cerebral angiography in stereoscopic magnification. 


ter findings were not seen clearly on magnifica- 
tion angiograms alone. Therefore, the diagnosis 
of a large thalamic tumor was made. 

Brain scan showed no abnormal uptake in the 
basal ganglia. Pneumoencephalography showed 
elevation and medial displacement of the body 
and frontal horn of the right lateral ventricle. 
The temporal horn was displaced laterally and 
inferiorly. 


Case 3 


This 46-year-old male with a porencephalic 
cyst in the left frontoparietal area underwent 
left frontoparietal craniectomy for removal of a 
mass lesion 23 years prior to admission. After 
this surgery he had epileptic seizures once or 
twice a month. He recently developed numbness 
of the right extremities. On physical examina- 
tion there was slight weakness of the right 
upper and lower extremities with positive 
Babinski sign. The arterial phase of the left in- 
ternal carotid angiogram showed the sylvian 
triangle to be markedly depressed with stretch- 
ing and arcuate displacement of the branches of 
the callosomarginal artery (fig. 9). On stereo- 
scopic viewing, the lesion was clearly localized 


and appeared to be small. There was slight 
ventricular dilatation, evidenced by visualiza- 
tion of long segments of the subependymal 
veins. 

Brain scan with 9"Tc revealed a small area 
of increased uptake in the left frontoparietal 
area. RI cisternography using '®*Yb showed ac- 
cumulation of isotope in the lateral ventricle 
with marked accumulation in the left fronto- 
parietal area. There was poor accumulation of 
isotope over the cerebral convexity with dilata- 
tion of both sylvian fissures. 

Pneumoencephalography showed che left lat- 
eral ventricle slightly enlarged with a 3-cm 
porencephalic cyst extending superiorly. No 
midline shift was noted. There was little air 
over the cerebral convexities. 


Case 4 


Case 4 was a 50-year-old male with multiple 
mycotic aneurysms of the supraclinoid portion 
of the right internal carotid artery. He com- 
plained of severe headaches for a week. Follow- 
ing generalized tonic seizures, he went into a 
semicomatous state. Neurologic examination 
revealed early papilledema and mild left hem1- 
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paresis. Body temperature was 38.5°C. Labora- 
tory examination showed C-reactive protein 
and rheumatoid factor to be markedly positive. 
Erythrocyte sedimentation rate was 58 mm in 
1 hr, and the white cell count was markedly 
increased. 

With the magnification angiogram alone, 
only one saccular aneurysm was demonstrated 
in the lateral projection. However, stereoscopic 
viewing revealed at least three saccular aneu- 
rysms with broad sealks on the internal carotid 
artery (fig. 10). On the frontal projection the 
aneurysms were superimposed and seen as ir- 
regularities and lobulation of the wall of the 
internal carotid artery. 


DISCUSSION 


With the increased use of angiography 
and stereoscopic radiography for various 
parts of the body, many attempts have 
been made to obtain stereoscopic views of 
blood vessels. The apparatus utilized for 
this purpose has usually consisted of two 
x-ray tubes with a short focal-film distance 
and a rapid film chinger [1, 2, 12]. Another 
technique for single tube stereoscopy re- 
quires change in position of the patient at 
the time of sequential filming on a rapid 
film changer. Stereoscopic cineradiography 
is obtained with two x-ray tubes with a 
short focal-film distance and one image in- 
tensifier [1]. In this system two alternating 
x-ray beams are recorded by cine. In order 
to avoid the delay in obtaining two stereo- 
seopic pairs of the angiographic series, Tobe 
et al. [2] made simultaneous exposures by 
two x-ray tubes projected on the same film, 
thus obtaining a good stereoscopic view of 
the blood vessels on the same film. How- 
ever, all of these techniques harbor some 
disadvantages and have not been used as 
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Fic. 4.—Program of serial cerebral angiogram. 
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Fic. §.—Synchronicity of AOT-synchronized ex- 
posure and x-ray tube shift. 


much as their clinical value would warrant. 

On the other hand, magnification an- 
giography has received widespread ac- 
ceptance in cerebral angiography. In some 
medical centers cerebral magnification an- 
giography is performed routinely [4, 8, 9], 
and conventional serial angiography is only 
performed when clinically indicated [8]. 
Application of magnification to cerebral 
angiography is a new development in the 
diagnosis of neurological diseases. 

We have developed a system which in- 
corporates the advantages of both stereos- 
copy and magnification in cerebral angiog- 
raphy. With our system the small cerebral 
vessels can be observed clearly in three di- 
mensions, so that space-taking and vascular 
lesions can be diagnosed with increased 
accuracy. The technique has three disad- 
vantages. First, the movements of the x-ray 
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Fic. 6.—Image deterioration by x-ray tube move- 
ment as compared by modulation transfer function. 
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tube cause slight image deterioration as 
demonstrated by the modulation transfer 
function. Second, the fastest film sequence 
Is one exposure per second, so that the 
speed of injection of contrast media should 
be prolonged to 7-8 cm? over 2.5 sec to ob- 
tain good stereoscopic arterial phases. 
Therefore this technique cannot be applied 
to the diagnosis of several conditions such 
as arteriovenous malformation and arterio- 
venous fistula. Third, a portion of the 
carotid system is excluded from the film 
when the magnification factor is more than 
2.0, although evaluation of the whole vas- 
cular bed is possible when sequential films 
are observed together. 

In our hands, magnification cerebral an- 
giography together with stereoscopic mag- 
nification has given consistently excellent 
results. We routinely perform serial mag- 
nification angiography in all carotid and 
vertebral angiograms, supplemented by lat- 
eral stereoscopic magnification angiography 
if indicated [8]. Standard serial angiography 
is used only in cases when rapid blood flow 
is anticipated (e.g., arteriovenous malfor- 
mation, arteriovenous fistula, or angiog- 
raphy in small children and infants). 

Because of the increased diagnostic in- 
formation obtained from stereoscopic mag- 
nification in the lateral projections, we are 
now developing a system in which stereo- 
scopic magnification can be achieved in the 
frontal projection. 
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RADIOLOGIC CHANGES IN THE THYMOMA- 
HYPOGAMMAGLOBULINEMIA SYNDROME 


Rosert E. MOFFAT! 


ABSTRACT: 


Radiologic findings in the thymoma-hypogammaglobulinemia syndrome are 
encountered in three stages reflecting the natural history of the syndrome. Initially, 
a mediastinal mass is apparent on chest x-ray in an asymptomtaic patient. At this 
stage a failing immune system has apparently induced compensatory thymic hyper- 
plasia which progresses to frank neoplasia. In 55% of the cases this thymic tumor 
is paracardiac in location. With progressive failure of immunoglobulin production, 
acute and chronic pulmonary infiltrates occur secondary to infection. Markedly 
decreased IgA in the bowel may eventually be manifested by radiologic changes of 


exudative enteropathy. 


INTRODUCTION 


The first case of primary acquired hypo- 
gammaglobulinemia in association with 
thymoma was reported by Good in 1954 
[1] and was considered by him to represent 
an “experiment of nature.” Since that time 
the immunologic role of the thymus has 
been extensively investigated, and 27 cases 
of the thymoma-hypogammaglobulinemia 
syndrome have been reported. 

Radiographic findings have not been 
emphasized in the previous reports. How- 
ever, it appears that any combination of 
a paracardiac or anterior mediastinal mass, 
pulmonary infiltrates, or small bowel 
changes of exudative enteropathy should 
suggest the diagnosis. 


CASE REPORT 


The patient was a 69-year-old white man who 
entered the Kansas University Medical Center 
wita the following problems: diarrhea with up 
to 20 stools per day, chronic cough with puru- 
lent sputum, intermittent episodes of high 
fever, 65 pound weight loss, weakness, and 
anorexia. These symptoms had progressed over 
a 3 year period. 

On physical examination the patient ap- 
peared markedly cachectic. Diffuse coarse rales 
and rhonchi were heard on auscultation of the 
chest. The abdomen was unremarkable to pal- 
pation. Proctosigmoidoscopy to 16 cm revealed 


friable hyperemic mucosa. 

The following laboratory determinations were 
normal on admission: urinalysis, fasting blood 
sugar, blood urea nitrogen, creatinine, serum 
electrolytes, folic acid, carotene, and prothrom- 
bin time. The hemoglobin was 12.9 g/10o ml 
with a hematocrit of 39. The white blood cell 
count was 9,200/mm? with 59% polymorpho- 
nuclear leukocytes, 11% band forms, 19% 
lymphocytes, and 5% monocytes. Immuno- 
globulin assay revealed the following (normal 
values in parenthesis): IgG 210 mg (700-1,400); 
IgA 10 mg (170-400); and IgM o mg (60-250). 
The presence of cell-mediated immunity was 
evidenced by positive Tricophyton and Candida 
skin tests. Fecal fat determinations averaged 7 
g per day with a fat intake of 50 g, indicating 
mild steatorrhea. Proteus, Hemophilus, and 
Candida were grown on sputum cultures. Stool 
cultures showed only Candida, Proteus, and 
Klebsiella and were negative for ova and para- 
sites. 

Chest x-ray (fig. 1) revealed changes of 
chronic pulmonary disease with scattered in- 
filtrates. A mediastinal mass was present adja- 
cent to the right heart border. The small bowel 
series (fig. 2) showed mild dilatation and 
markedly increased fluid within the bowel. No 
abnormality of lymph node morphology was 
present on the lymphangiogram. The intra- 
venous pyelogram and barium enema were also 
normal. 

Major therapeutic measures included anti- 
biotics, anticholinergics, gluten- and fiber-free 
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Fic. 1.—4, Chest x-ray showing mediastinal mass contiguous with right heart border (arrows). Multiple 
pulmonary infiltrates and mild emphysema involve both lungs. B, Lateral view showing superior aspect of 
mass (closed arrows). Lingular pneumonia (open arrow) overlies portion of mass. 


diet, immune globulin injections, and, finally, 
parenteral hyperalimentation. The patient con- 
tinued to lose weight and have frequent stools. 
He died of septicemia 2 months following ad- 
mission. 





Fic. 2.—Radiograph (32 hr) showing flocculation, 
segmentation, and localized jejunal dilatation. 





At autopsy an ovoid mass measuring 8 cm 
in greatest dimension was found to be adherent 
to the right pericardium. Histologic examina- 
tion revealed a thymoma of the spindle-cell 
type. Lung parenchymal changes consisted of 
mild panacinar emphysema and organizing 
pneumonia with superimposed acute multifocal 
pneumonia and abscess formation. All lymph 
nodes examined were characterized by absence 
of germinal centers and plasma cells, depletion 
of lymphocytes, and hyperplasia of reticulum 
cells. Although the sections of jejunum revealed 
normal villus-crypt architecture, only a small 
number of lymphocytes and no plasma cells 
were present in the lamina propria (fig. 3). 
Cytomegalic inclusion bodies were present in 
the lungs and bronchi, adrenals, liver, and 
colon. 


DISCUSSION 


The age range of patients presenting 
with the thymoma-hypogammaglobulinemia 
syndrome was 25-77 years with an average 
age of $7 years. The typical clinical history 
was that of chronic bronchitis and pneu- 
monia in a previously healthy adult. Diar- 
rhea was the initial or primary symptom in 
three patients [2-4]. In eight others the 
interval between the onset of respiratory 
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and subsequent gastrointestinal manifesta- 
tions ranged up to 2-3 years [5-7]. 

Hypogammaglobulinemia was detected 
at some time during the clinical course of 
6% of the 598 patients with thymoma re- 
viewed by Souadjian et al. [8]. Conversely, 
approximately 10% of the patients with 
the primary acquired form of hypogamma- 
globulinemia have a thymoma [9]. Patho- 
genetically, the ¢nitial failure in the thy- 
moma-hypogammaglobulinemia syndrome 
may be that of immunoglobulin-producing 
plasma cells and the B (bursal-equivalent) 
lymphocytes from which they are derived 
[io]. As with other lymphocytes, the B 
cells are derived from hematopoietic stem 
cells. However, differentiation into the B 
lymphocyte is determined by the human 
analogue of the lymphoid organ known as 
bursa of Fabricius in the chicken. Possible 
bursal equivalents in man include intestinal 
lymphoid tissue, bone marrow, and liver. 
Histologic studies of small bowel in pa- 
tients with this syndrome consistently re- 
vealed diminished or absent plasma cells 
and lymphocytes. No case of lymphoid 
hyperplasia was present. Plasma cells were 
only rarely found in lymph nodes and bone 
marrow. | 

In response to the declining peripheral 
lymphocyte population and falling 1m- 
moglobulin levels, the thymus perhaps 
undergoes stromal hyperplasia on a com- 
pensatory basis. Continued stromal stimu- 
lation eventually results in a thymic neo- 
plasm of the spindle-cell type as was docu- 
mented in 22 of the 28 reported cases. 
However, this proliferative response does 
not prevent the complete failure of humoral 
immunity. 

The thymic tumors were apparent on the 
initial chest x-rays in 27 cases. The location 
af the thymic tumors could be seen on pub- 
lished chest x-rays in 15 cases or inferred 
from descriptions of radiologic or anatomic 
findings in seven more instances. Right and 
left paracardiac masses occurred in eight 
and four cases, respectively [2-4, 7, 11-17; 
present case]. Thus approximately 55% of 
the thymomas in this series presented in a 
paracardiac location compared to an ex- 
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Fic. 3.—Photomicrograph of jejunum at autopsy 
showing normal crypt and villus architecture. Only 
an occasional inflammatory cell is present within 
lamina propria. Hematoxylin and eosin stain, X60. 


pected 10%-20% [18]. Twelve patients 
demonstrated a mediastinal mass on chest 
x-ray up to 12 years before the onset of 
symptoms of immune deficiency. This is 
compatible with the concept of a failing 
bursal-dependent system inducing thymic 
hyperplasia. 

Pulmonary changes secondary to infec- 
tion were present at some time during the 
clinical course of all patients with this syn- 
drome. Multiple episodes of pneumonia 
were seen on chest radiographs as well as 
chronic changes mainly interpreted as dif- 
fuse fibrosis and bronchiectasis. 

Of the 11 patients with diarrhea, reports 
of small bowel series would indicate that 
three were normal and four showed floc- 
culation of barium [2, 6, 19; present case]. 
Of the four small bowel patterns in im- 
munoglobulin deficiency syndromes de- 
scribed by Marshak et al. [20], this would 


be considered as a sprue (malabsorption) 
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pattern. However, none of the patients in 
whom intestinal absorption data are avail- 
able showed evidence of primary malab- 
sorption. The highest fecal fat value in 
these patients were 7-9 g/day, indicating 
only mild steatorrhea. In the seven cases 
where small bowel histology was investi- 
gated, no case of villous atrophy was found. 
No enteric bacterial pathogens or ova and 
parasites were recovered on stool examina- 
tions to account for the diarrhea and roent- 
genologic small bowel findings. The de- 
creased IgA in intestinal secretions may 
have caused the bowel to be less resistant 
to the flora normally present. The bowel 
reaction consisted of efflux of fluid as would 
occur in infectious diarrhea. The radiologic 
manifestations of this exudative entero- 
pathy cannot be distinguished from pri- 
mary malabsorption. 

Operative thymectomy was performed 
in 14 cases and radiation therapy in one. In 
no instance did immunologic function im- 
prove. However, some patients responded 
well to gammaglobulin injections up to 3 
years following thymectomy [1, 2, 11]. The 
treatment of many of these patients was 
complicated by other diseases of possible 
immunologic origin, including hypoplastic 
and hemolytic anemias, leukopenia and 
agranulocytosis, pancytopenia, limited my- 
asthenia gravis, astrocytoma, and atrophic 
gastritis. 
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CEREBRO-COSTO-MANDIBULAR SYNDROME: LONG 
TERM FOLLOW-UP OF A PATIENT AND 
REVIEW OF THE LITERATURE 


Hucu J. Wivtiiams! AND SHASHIKANT M. Sane? 


ABSTRACT: 


The cerebro-costo-mandibular syndrome is a rare disorder, and most afflicted 
infants die during the first few months of life. The pertinent features of the syndrome 
are reviewed, and a hitherto undescribed finding in the pelvis is described. A case is 
reported in which vigorous treatment permitted survival. Serial roentgenograms 
subsequently demonstrated a progressive diminution of the characteristic posterior 


rib-gap defects. 


The association of severe rib defects with 
micrognathia and other anomalies was first 
described by Smith and co-workers in 
1966 [1]. The patient, who died from re- 
spiratory distress shortly after birth, dem- 
onstrated abrupt termination of the ossi- 
fied posterior ribs a short distance beyond 
the posterior rib angle. A tissue defect was 
present between the posterior ossified seg- 
ments of the ribs and the ventral cartilagi- 
nous portions which extended normally to 
the sternum. In addition, the infant also 
exhibited micrognathia, malformed tracheal 
cartilages, and pterygium colli. In 1970 
MeNicholl et al. [2] reported three infants 
with palatal defects, micrognathia, rib-gap 
defects, and mental deficiency; only one 
survived. They aptly named this combi- 
nation of findings the cerebro-costo-man- 
dibular syndrome. In 1972 Miller et al. [3] 
reported two infants with a Pierre Robin- 
like syndrome and associated posterior rib- 
gap defects, both of whom died early in life. 

The purpose of this report is to describe 
another infant with this syndrome who 
survived because of prompt diagnosis and 
vigorous treatment. 


CASE REPORT 


This full-term male infant was delivered 
normally, and no drug ingestion during preg- 
nancy was reported. There was no family his- 
tory of a similar malformation, and consan- 


guinity was denied. Two previous male siblings 
were normal. At 11 days of age, he was admitted 
to St. Paul Children’s Hospital because of 
apneic spells and numerous episodes of cyanosis 
aggravated by feedings. 

On physical examination micrognathia, glos- 
soptosis, and an incomplete cleft palate were 
noted. The degree of respiratory difficulty was 
disproportionately severe for the micrognathia 
present; this was felt due to a coexistent flail 
chest. The only other demonstrable external 
physical abnormality was a medially displaced 
right great toe with a broad deformed distal 
phalanx. All laboratory data, including a chro- 
mosomal study, was normal. 

A chest roentgenogram (fig. 1) demonstrated 
bony defects of varying length in the right 
third to ninth ribs and the left fifth to eighth 
ribs. The transverse processes of many of the 
corresponding vertebral bodies were absent and 
the involved ribs fused with these vertebrae 
rather than articulating normally. The verte- 
bral ends of the left seventh, ninth, and tenth 
ribs as well as the right tenth rib were rather 
bulbous. The anterior portions of all the ribs 
terminated somewhat more laterally than nor- 
mal. A skull film demonstrated a moderate de- 
gree of micrognathia. A skeletal survey revealed 
fusion between the fourth and fifth sacral seg- 
ments and internal rotation of the ilia resulting 
in a flask-shaped configuration of the pelvis 
(fig. 2). The iliac angles were increased while 
the acetabular angles were normal. Serial chest 
films demonstrated considerable motion be- 
tween the opposing ends of some of the ribs 
with the widest defects, thereby explaining the 


1 Children’s Hospital, 311 Pleasant Avenue, St. Paul, Minnesota 55102. Address reprint requests to H. J. Williams. 
? Children’s Health Center and Hospital, Minneapolis, Minnesota 55404. 
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Fic. 1.—Chest roentgenogram at 11 days of age 
demonstrating posterior rib defects in right third to 
ninth ribs and left fifth to eighth ribs. Transverse 
processes are absent in many corresponding verte- 
brae and there is fusion of bodies to corresponding 
ribs rather than normal type of articulation. Note 
bulbous termination of posterior portion of several of 
involved ribs bilaterally. All anterior ribs terminate 
more laterally than usual. 


clinically present flail chest. 

Treatment of the apneic spells with elastic 
scalp traction applied to the thorax was in- 
adequate, and a fascial sling mandibular glos- 
sopexy was performed. While this procedure did 
reduce the frequency of the apneic spells, it did 
not eliminate them. A tracheostomy tube was 
inserted under local anesthesia. Because of pro- 
tracted feeding difficulties due to defective 
swallowing, a gastrostomy was also performed. 
The infant did well subsequently and was dis- 
charged at 4 months of age. The cleft palate 
was repaired at I year of age, and the trache- 
ostomy and gastrostomy sites were later closed. 

A follow-up chest roentgenogram at § years 
of age demonstrated a diminution in extent of 
most of the posterior rib defects (fig. 3). Fusion 
of the previously noted bulbous posterior rib 
terminations with their corresponding trans- 
verse vertebral processes had occurred. Clini- 
cally the child was doing quite weil at this time 
and, although of limited intelligence, was func- 
tioning adequately in school. 


DISCUSSION 


This patient represents the seventh re- 
ported case of the cerebro-costo-mandibular 
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syndrome, a disorder characterized by rib- 
gap defects, micrognathia, and mental de- 
ficiency [2]. It is a familial syndrome, prob- 
ably with an autosomal recessive pattern 
of inheritance. No detectable chromosomal 
abnormality has been associated with the 
disorder. The father of one of the cases 
reported by Miller et al. [3] had a cleft 
palate, suggesting the possibility of variable 
expressivity of the syndreme. 

The syndrome bears a resemblance to the 
Pierre Robin syndrome, inasmuch as the 
affected infants demonstrate mandibular 
hypoplasia and glossoptosis with resultant 
feeding and respiratory difficulties. How- 
ever, it differs by virtue of the associated 
rib-gap defects. Although the number of 
ribs involved in the reported cases has 
varied from a few to almost all, both sides 
have always been involved, although not 
necessarily symmetrically. The extent of 
involvement has varied from a very short 
defect resembling the pseudarthrosis en- 
countered in neurofibromatosis to com- 
plete absence of the anterior three-fourths 
of the ribs. 

Embryologically the most posterior por- 
tion of the rib is derived from the somite. 
Whether the remainder of the rib develops 
as a direct ventral extension of the somite 
[4] or from mesenchymal cells of the lateral 
mesodermal plate [5] is controversial. The 
cause of the rib defects cannot therefore 





~ a ~ 2 i a. a à 

Fig. 2.—Flask-shaped configuration of iliac wings 
due to internal rotation. Iliac angles are increased 
while acetabular angles are normal. 
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be stated with certainty. Histologic exam1- 
nation of the posterior gaps in the patient 
of Smith et al. [1] failed to demonstrate any 
foci of cartilage or bone, although in sev- 
eral ribs the intercostal vessels bridged the 
gap. Microscopic studies by Miller et al. 
[3] show the defective areas to contain un- 
differentiated fibroconnective tissue, stri- 
ated muscle, and small foci of cartilage 
undergoing calciffcation, which suggest a 
defect in the transition of the primitive 
mesenchyme to cartilage. 

The rib gaps present in this syndrome 
may produce varying degrees of clinical 
flail chest. Review of the numerous films 
obtained during the first few months of life 
in our patient revealed varying degrees of 
motion between the short posterior rib 
segments and the longer anterior portions. 
Although these areas were not biopsied in 
our patient, this observation would suggest 
that the defects were initially composed 
primarily of fibrous or mesenchymal tissue 
rather than a solid substance such as 
cartilage. Serial chest roentgenograms dur- 
ing the § year period in which we have 
followed this patient demonstrate a pro- 
gressive diminution in several of the rib 
defects, evidently secondary to formation 
of calcified cartilage or bone, with resultant 
pseudarthrosis formation in some areas. 
While no change was observed in some of 
the rib gaps, in no instance did enlargement 
of the rib defects occur. In the only other 
reported surviving infant with the cerebro- 
costo-mandibular syndrome, similar rib 
changes were observed in films obtained at 
the age of 4 years, at which time disap- 
pearance of several rib defects had oc- 
curred. In our patient most posterior seg- 
ments of the involved ribs were fused to 
the corresponding vertebrae instead of ex- 
hibiting normal costovertebral articula- 
tions. This fusion may have represented a 
spontaneous attempt to compensate for the 
flail chest present in our infant. The salient 
clinical and roentgenologic features in all 
reported cases of this syndrome are in- 
cluded in table 1. 


Micrognathia has been a constant feature 
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Fic. 3.—Chest roentgenogram at § years of age 
demonstrating decrease in extent of most posterior 
rib defects. Pseudarthrosis is demonstrable in several 
areas. This spontaneous improvement eliminated 
clinical flail chest present in infancy. Fusion of pre- 
viously noted bulbous posterior rib terminations 
with their corresponding vertebral transverse pro- 
cesses has occurred. 


in all cases, including our own, and in con- 
junction with glossoptosis has caused vary- 
ing degrees of respiratory and feeding dis- 
tress. The additional burden of diminished 
respiratory excursions secondary to the 
associated rib defects may be responsible 
for the high mortality reported in infants 
with this syndrome. Palatal defects have 
been present in all patients in which the 
palate has been described (five of six cases) 
and have varied from a cleft palate to a 
short palate with absent uvula. Less 
constant findings reported have been ab- 
normalities of the brain, tracheal cartilages, 
skin, skeleton, and kidneys. In addition, 
our case demonstrated an unusual internal 
rotation of the iliac bones which caused 
reduction in the iliac angles and gave a 
Hask-shaped configuration to the ilia. 
The combination of micrognathia, glos- 
soptosis, and rib-gap defects in the cerebro- 
costo-mandibular syndrome is a formidable 
one and constitutes a life-threatening situ- 
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ation. Prompt and vigorous medical and 
surgical treatment can be life saving, as in 
our case, and should be employed. This is 
particularly appropriate since spontaneous 
reduction in the extent of rib defects may 
occur with the passage of time, thereby 
enhancing the patient’s chance of survival. 
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INTESTINAL PERFORATION SECONDARY TO 
NASOJEJUNAL FEEDING TUBES 


Rosert L. SIEGLE,! Jack G. RABINOWITZ, AND CHARLES SARASOHN 


ABSTRACT: 


Infant alimentation by nasojejunal tube feeding has been successfully used since 
1973. A significant complication is small bowel perforation by the tube: three cases 
are presented. The differential diagnosis includes spontaneous gastric perforation 


and necrotizing enterocolitis. 


Nasojejunal tube perforation almost always occurs in the distal duodenum. It is 
likely the result of peristaltic activity which propels the tube along the relatively 
rigid duodenal loop. Thus it is preferable to position the tube end distal to the 


ligament of Treitz. 


Since its introduction in 1973, nasojejunal 
feeding has become an efficient and suc- 
cessful method of alimenting premature 
infants [1]. As with many other medical 
advances, potential hazards have arisen. 
The most significant is duodenal perfora- 
tion caused directly by the tube. Three 
single case reports of this complication 
have appeared recently in the pediatric 
literature [2-4]. During the past year, we 
have experienced three duodenal perfora- 
tions among premature infants on naso- 
jejunal feeding. As a result, we would like 
to stress the radiographic features since the 
radiologist is in the position to establish an 
early diagnosis and possibly prevent such 
perforations. 


CASE REPORTS 
Case Z 


A 730 g infant was placed on peripheral hy- 
peralimentation on the fifth day of life and 
changed to nasojejunal feeding on the eleventh 
day. Tube position was verified radiographi- 
cally to be in the distal duodenum (fig. 14). 
There was no manipulation of the tube once it 
was in place. Two days later abdominal dis- 
tention occurred suddenly with a marked drop 
in white count and platelets. An abdominal 
radiograph demonstrated that the tube had 
progressed mto the left lower quadrant (fig. 
1B). A minimal amount of free air was also 
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seen under the left diaphragm. The tube was 
removed, and a radiograph in the erect position 
showed extensive free air (fig. 1C). Laparotomy 
revealed a 1.5 mm perforation in the third por- 
tion of the duodenum without other intestinal 
abnormality. Recovery was uneventful. 


Case 2 


A 1,300 g infant was placed on nasojejunal 
feeding on the sixth day. The tip of the tube 
was in the distal duodenum (fig. 24). On the 
eighteenth day the infant showed abdominal 
distention, lethargy, and falling white count 
and platelets. There had been no tube manipu- 
lation. An upright abdominal radiograph dem- 
onstrated free air under the diaphragm and only 
minimal change in tube position (fig. 2B). Long 
dilated loops of small bowel with a mottled ap- 
pearance on the right suggested the diagnosis 
of necrotizing enterocolitis. After removal of 
the tube and initiation of gastric suction, sur- 
gery revealed a pinpoint perforation of the 
third portion of the duodenum with otherwise 
normal bowel. Recovery was uneventful. 


Case 3 


An 1,150 g premature infant, the first of 
twins, was started on nasojejunal feeding on the 
sixth day of life. This followed resolution of 
hyaline membrane disease and successful treat- 
ment of a right-sided pneumothorax. Feedings 
were well tolerated until the fourth day when 
the patient had several episodes of vomiting 
and bradycardia. Radiographs first demon- 
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strated long dilated loops of small bowel and 
free air under the diaphragm. The infant was 
started on therapy for necrotizing enterocolitis, 
the tube was withdrawn, and laparotomy was 
performed. A pinpoint perforation in the third 
part of a healthy duodenum was located and 
closed, and the postoperative course was un- 
eventful. 


DISCUSSION 


Nasojejunal tubes present a unique 
problem. They are made of a polyvinyl 
material that appears to change consistency 


Fic. 1.—Case 1. 4, Normally positioned naso- 
jejunal tube in distal duodenum with normal gas 
pattern. B, Radiograph 2 days later showing tube 
in abnormal position in left lower quadrant. Note 
free air in midabdomen and thin band of free air 
under left diaphragm indicating intestinal perfora- 
tion. Temperature monitor is over infant’s lower 
abdomen. C, Erect film confirming extensive free 
air. Nasojejunal tube has been removed and um- 
bilical artery catheter is in place. 


after as little as 6-12 hr in the small bowel. 
Instead of remaining a soft pliable plastic, 
they harden and become rigid. Thus they 
convert from a life-supporting tube to a 
potential hazard. The sudden appearance 
of free air in the abdomen of an otherwise 
healthy baby being fed through a naso- 
jejunal tube should immediately suggest 
duodenal perforation. 

Perforation can easily result if the tube ts 
manipulated after being in the duodenum 
for more than 12 hr. Consequently, re- 


PERFORATION FROM FEEDING TUBES 
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Fic. 2.—Case 2. 4, Nasojejunal tube ending in distal duodenum with umbilical artery catheter endmg 


just below it. B, Erect film 12 days later showing little change in position of nasojejunal tube. Free air is 
evident under diaphragm indicating bowel perforation. Separation of bowel loops and mottling, especially 


on right, is result of intraperitoneal infant formula. 


positioning of the tube should be avoided 
whenever possible. If there is need for re- 
positioning, the tube should be removed 
and a fresh one inserted. Unfortunately, 
normal peristaltic activity propels the tube 
and, as in our cases, results in spontaneous 
perforations. 

It has been previously reported that 
nasojejunal tubes harden in the intestine 
[2, 3]. Why this occurs is not clear. We 
have been unable to duplicate this transi- 
tion in vitro. Incubation of the tubes in 
mine buffered solutions ranging from pH 5.5 
to 9.5 for 5 day periods at body tempera- 
ture and at room temperature failed to 
produce any change in consistency. The 
addition of infant formula to the buffered 
solution also had no effect. We have not as 
yet challenged the tube with neonatal en- 
zymatic secretions. 

Radiographically it may not be possible 
to distinguish perforation caused by the 
nasojejunal tube from other causes such as 
necrotizing enterocolitis or spontaneous 
gastric perforation (see cases 2 and 3). At 
surgery, the distinction between puncture 
caused by the tube and necrotizing entero- 
colitis is obvious. In all instances of tube 


perforation, the adjacent bowel was en- 
tirely normal, whereas in necrotizing en- 
terocolitis the bowel is ischemic, edema- 
tous, and often necrotic. The site cf in- 
volvement is an important diagnostic fea- 
ture since duodenal involvement is usual 
for perforations caused by a nasojejunal 
tube but rare in enterocolitis. While the 
differential diagnosis also includes idio- 
pathic gastric perforation, we have seen no 
cases of gastric perforation in which the 
infant had a nasojejunal tube in place. 

An attempt was made to diagnose per- 
forations caused by a nasojejunal tube 
based on abnormal position of the distal 
end of the tube. Unfortunately this method 
is not very helpful since normally posi- 
tioned tubes can end anywhere in the left 
upper quadrant or the midabdomen. Little 
change in position was observed following 
perforation (fig. 2B). 

Visual proof of perforation caused by the 
tubes is lacking; thus the diagnosis is one 
of exclusion and inference. In all three 
cases presented, the tube was removed and 
replaced by a nasogastric tube for suction 
when the diagnosis of small bowel perfora- 
tion was first suspected. Clear signs of 
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perforation in an infant on nasojejunal 
tube feeding should be adequate for the 
diagnosis. 

The sites of perforation are uniformly 
within the duodenum. The increasingly 
rigid tube probably has difficulty negoti- 
ating the curving course of the duodenum 
which is relatively fixed to the retro- 
peritoneum. Consequently, it would be 
preferable to initially place the tube beyond 
the duodenum into the more freely movable 
jejunum. However, such distal manipula- 
tion is not always possible. Clinicians 
should be warned of the potential hazard 
of a tube located in the duodenum. Tubes 
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in this position should be removed to pre- 
vent possible perforation. 
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LESION CONSPICUITY, STRUCTURED NOISE, 
AND FILM READER ERROR 


Harotp L. KUNDEL! AND GEORGE REVEsz! 


ABSTRACT: 


The concept of conspicuity is introduced in an attempt to objectively quantitate 
radiographic observational error. Defined as a ratio between lesion contrast and 
surround complexity, the measure correlates well with the probability of detecting 
faint nodular lesions in chest radiographs. The concept helps in understanding why 
abnormalities are missed by radiologists. It is also used to explain why image- 
processing techniques advocated in the past did not yield improvements in diag- 
nostic accuracy and to outline directions for the future. Preliminary results are 
presented which show that photographic subtraction can increase the conspicuity 
of simulated early lung lesions and improve their detection. 


INTRODUCTION 


The visibility of a lesion such as a nodule 
on a chest film depends not only on the 
physical properties of the lesion such as 
size, shape, and density but also on the 
properties of the structures that surround 
it. For example, contrast is a joint property 
of the lesion and the surround: the greater 
the difference in density between the two, 
the greater the visibility. Additional factors 
affect visibility. One is the complexity of 
the normal anatomic structures that form 
the surround or background of the lesion. 
In the chest, this structural complexity is 
due for the most part to ribs and blood 
vessels. A commonly encountered example 
of structural complexity obscuring a lesion 
is the pulmonary nodule that is superim- 
posed on the vascular shadow of the pul- 
monary hilum. The effect of structural 
complexity is illustrated in figure 14, where 
four nodules of identical size, contrast, and 
edge sharpness were photographically su- 
perimposed on a chest film. Figure 18 was 
included to verify the presence and loca- 
tion of the nodules and was made by photo- 
graphically subtracting the original normal 
film from the same film containing the 
simulated nodules. 


Clearly, the nodule in the upper part of 
the right hilum is less visible than the one 
in the left upper lung, while the other two 
are intermediate in visibility. It seems logi- 
cal to assume that the probability of de- 
tecting the lesion in the left upper lung 1s 
greater than the probability of detecting 
the nodule in the upper right hilum. 


DEFINITION OF CONSPICUITY 


To explore the relationship between the 
probability of detection of a nodule on the 
chest film and the complexity of the normal 
structures that surround it, a quantitative 
measure called conspicuity was developed 


RIE 


lesion contrast 


conspicuity = (1) 


surround complexity 

The technique for measuring complexity 
has been described [1]. In brief it consists of 
making a series of densitometric measure- 
ments with a small aperture (1 mm) along 
the inside and the outside of the border of 
the lesion. The density change across the 
lesion border is used to calculate contrast, 
and the rate of fluctuation of the density 
around the lesion border is used as a mea- 
sure of complexity. 


Presented at the annual meeting of the American Roentgen Ray Society, Atlanta, Georgia, October 1975. 
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Fic. 1.—A, Chest film produced by superimposing grey mask containing four nodules of identical size, 
shape, and contrast. B, Result of subtracting original film from film with superimposed nodules. 


To study the relationship between detec- 
tion and conspicuity, the numerical value 
of conspicuity was measured for lung 
nodules on 25 different films. After 25 nor- 
mal films were added to the series, they 
were shown in random sequence to Io film 
readers who were asked to determine the 
presence and location of any nodules. Based 
on the responses, the probability of detec- 
tion was calculated for each nodule. For the 
purposes of this experiment, false positives 
were neglected. A plot of the probability of 
detection P(d) against the logarithm of 
conspicuity A is shown in figure 2. The 
logarithmic relationship seems to hold over 
a range of conspicuities from 0.5 to 1.5. 
That is, in a first approximation 


P(d) = C(log K), (2) 


where C is a constant. Equation (2) is not 
complete. Factors such as size, the resolv- 
ing ability of the human eye-brain system, 
the total background luminance, and fac- 
tors related to visual search must be in- 
cluded. A more complete equation is in de- 
velopment. The purpose of this discussion 


is to present the concept of conspicuity and 
relate it to detection. 


IMPROVING FILM READER ERROR 


The study of conspicuity was undertaken 
to develop a rational basis for the use of 
image processing in radiology. Error rates 
are known to be high in reading chest films, 
approaching 30% in surveys for tubercu- 
losis [2] or lung cancer [3]. Image processing 
techniques such as contrast enhancement, 
edge enhancement, density-to-color con- 
version, and others have been uniformly 
unsuccessful in improving error rates [4]. 
In our opinion, the importance of the struc- 
tures that surround a lesion has not been 
recognized during picture processing. When 
using contrast or edge enhancement, the 
contrast or edges of both the lesion and the 
background structures are affected. If they 
are affected equally, conspicuity remains 
unchanged; if surrounding complexity in- 
creases faster than contrast, conspicuity 
will actually decrease. The latter appears 
to be what generally happens. 

Engineers discuss this problem in terms 
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of signal and noise. Equation (1) is analo- 
gous to a signal-to-noise ratio except that 
the noise is not the traditional random 
graininess or mottle seen in images but 
rather consists of structures that interfere 
with the visibility of the signal. Therefore 
we have referred to this as structural noise 
[1]. 

The image processing problem now be- 
comes one of either selectively enhancing 
contrast or selectively reducing structural 
complexity. The use of contrast material is 
an example of a technique to produce 
images with enhanced contrast, while pla- 
nigraphy is a technique to decrease struc- 
tural complexity. Subtraction is an image 
processing technique to reduce structural 
complexity or structural noise [4]. 


Reducing Structured Noise by Subtraction 


Photographic subtraction is used increas- 
ingly in angiography: a preliminary film 1s 
subtracted from a film made after the in- 
jection of contrast material. Both films con- 
tain identical anatomic structures (struc- 


CONSPICUITY 


K= sD/#2 
—_> 


Fic. 2.—Probability of detecting nodule on chest’ 
film plotted against conspicuity on semilogarithmic 
scale. (Reprinted with permission from Revesz G, 
Kundel HL, Graber M: The influence of structured 
noise on the detection of radiologic abnormalities. 
Invest Radio! 9:479, 1974) 
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Fic. 3.—Probability of detecting nodule on sub- 
traction film plotted against displacement (improper 
registration) of film containing nodule and film with- 
out nodule. Dashed line=average probability of 
detection for unsubtracted displays. 


tural noise), but the postinjection film also 
contains the contrast-filled vessels (the 
signal). Subtraction will then reduce com- 
plexity without affecting the signal con- 
trast. Angiography is an ideal field for use 
of this technique because the major condi- 
tion necessary for good results can be met, 
namely, accurate anatomic registration be- 
tween the two films being subtracted. The 
structures to be subtracted must superim- 
pose precisely to achieve good results, and 
in an angiogram with rapid serial filming 
this is possible. 

To improve detection of early lung le- 
sions, particularly small cancers, ideally 
one would like to subtract films taken at 
some longer interval such as 6-12 months. 
The problem of image registration then be- 
comes a major limiting factor. Two ap- 
proaches are being studied: (1) positioning 
the patient in a reproducible way and (2) 
using computer programs to stretch or 
move anatomic structures on one film in 
order to achieve registration with the other 
[5]. 

To determine how close registration has 
to be to improve detection, the following 
experiment was done. A series of nodules 
ranging in size from 0.§ to 3 cm in diameter 
were artificially superimposed on 25 normal 
chest films at various locations in the lungs 
using a photographic technique [6] and 
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Fic. 4.—Effect of displacement of two subtracted 
radiographs on conspicuity of nodular lesion. Dashed 
line= average conspicuity for unsubtracted displays. 


Kodak RP-D film. A reversal film was pro- 
duced for each normal film on Kodak RP- 
SU film. The nodule films were then super- 
imposed on the normal reversal films with 
horizontal displacements of 0, 1, 2, 4, and 
8 mm. They were photographed on 35 mm 
slides, taking great care to maintain den- 
sity ranges and contrasts during copying. 
This resulted in a series of 300 slides, half 
normal and half with nodules, in six modes 
of display: unsubtracted, perfect subtrac- 
tion, and 1, 2, 3, 4, and 8 mm of displace- 
ment. These slides were projected on a rear 
view screen to standard 14X17 inch size 
and displayed in random order to five film 
readers. Each film reader was shown the 
series two times so that each nodule film 
was seen Io times. The probability of de- 
tection of the nodule was then calculated. 
Figure 3 shows the probability of detec- 
tion of the subtracted films plotted against 
displacement. The average probability of 
detection of the unsubtracted films is also 
shown. With lesions in the 5-30 mm range, 
detection is improved by subtraction as 
long as registration error is limited to less 
than 3 mm. Otherwise detection is worse. 
As a further check of the conspicuity hy- 
pothesis, K was measured for each of the 
nodules on both subtracted and unsub- 
tracted films. Figure 4 shows the con- 
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spicuity plotted against displacement in 
millimeters on a semilogarithmic scale com- 
pared to the average conspicuity value for 
unsubtracted films. Again the crossover 
value is at about 3 mm. 


Practical Application 


After establishing a theoretical limit for 
registration, an attempt was made to real- 
ize that limit in practices A simple device 
to position a patient in the erect position in 
front of a film cassette was constructed of 
aluminum tubing. Shown in figure 5, it 
consists of a chin rest on the top of the 
cassette and two cradles acting like crutches 
with an extended support running from the 
axilla to the elbow to hold the arms in a 
horizontal position. A volunteer was radio- 
graphed and returned 1 week later for a 
second frontal chest film. This time three 
plastic nodules 1 cm in diameter were at- 
tached to the skin of his back so that they 
would superimpose on the lungs. Figure 6 
shows the “nodule film” and the result of 
subtracting the original film from that 





a 


/ 
/ 
4/ 
Pi " 
f 


Kc. §.—Simple device used to position patient. 
Patient is restrained by chin rest atop screen/film 
Cassette, arm supports, and hand grip. Pictures are 
taken at full inhalation. 
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taken a week later. Clearly the visibility of 
the nodules has improved. Conspicuity was 
measured for each nodule in the subtracted 
and unsubtracted image (table 1). The K 
value has increased, and since it has been 
shown that the probability of detection in- 
creases with increased conspicuity, it fol- 
lows that subtraction can work for the 
chest under clinical conditions. 


DISCUSSION AND CONCLUSIONS 


The fact that a technique works is a 
necessary demonstration but is not sufh- 
cient to even begin a clinical study. A 
highly motivated group of volunteers who 
understand exactly what to do is not repre- 
sentative of anv patient population. Much 


TABLE 1 


ConspiIcuIty VALUES OF SIMULATED NODULES 
FOR UNSUBTRACTED AND SUBTRACTED FILMS 











Subtracted 


Original 
Location Film Film 
Right lobe: 
PNG PRE 1.43 2.18 
Ge rn 1.91 2.58 
Left upper lobe........ a G, 2.66 
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Fic. 6.—A, Film of person with three plastic nodules taped to back. B, Result of subtracting normal 
chest film of same person obtained at different time. 
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more effort needs to be directed to the 
positioning device, particularly with re- 
spect to controlling the level of the hemi- 
diaphragms at the time of exposure. Elec- 
tronic devices using an image intensifier 
have been suggested but not tested [5]. 
We believe that the most important as- 
pect of this work is the development of a 
rational mathematical basis for describing 
radiographic observational error. A process 
that is not understood is difficult to 1m- 
prove by any means but serendipity. The 
concept of conspicuity has been used to de- 
scribe the effect of both random noise [7] 
and structural noise [8] on the detection of 
targets by peripheral vision and may be of 
value in the description of the effect of the 
visual search process on detection [9]. At 
present the mathematical formulation 1s 
only valid for circumscribed lesions where 
the border can be either definitely identified 
or extrapolated with a high level of con- 
fidence. Generalization of the concept to 
other abnormalities is essential. Neverthe- 
less, it does provide a firm rationale for 
further subtraction studies and may pro- 
vide an analytical technique for evaluating 
the potential usefulness of various patient 
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positioning apparatuses without resorting 
to subjective appraisals or clinical trials 
which should be reserved for techniques 
where the expectation of success is high. 
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A CIRCULAR TEST PATTERN FOR EVALUATING 
X-RAY TUBE FOCAL SPOTS 


G. H. Zeman,! G. U. V. Rao,! ann R. J. Doyte? 


ABSTRACT: 


The design and use of a circular x-ray resolution test pattern is presented. This 
pattern is shown to yield equivalent focal spot dimensions equal to those obtained 
with the more commonly used star pattern. The advantage of using the circular 
pattern is thatit obviates the necessity of positioning the pattern strictly along the 
x-ray beam central axis. A major source of experimental error in making focal spot 
measurements is therefore circumvented, especially in the case of x-ray tubes with 


a small target angle. 


One of the important causes of loss of reso- 
lution in a radiographic imaging system is 
the finite size of the x-ray focal spot. Tra- 
ditionally the size of an x-ray focal spot has 
been determined by making a pinhole 
image of it at some convenient magnifica- 
tion [1]. Recent recognition that the resolu- 
tiən limitations imposed by an x-ray focal 
spot are not only a function of focal spot 
size but also its shape and intensity dis- 
tribution have led to a number of methods 
todetermine what is now referred to as the 
equivalent focal spot size [2-5]. The equiva- 
lent focal spot size of an x-ray tube is de- 
fined as the size of a homogeneously irradi- 
ating rectangular focal spot that yields the 
same resolution as the tube in question. 
Two types of test patterns are currently 
in use for the determination of equivalent 
focal spot size: the line-bar pattern and the 
star pattern [3, 5, 6]. The major difficulty 
associated with the use of these test pat- 
terns, and in fact with the pinhole method 
also, is that the measured focal spot dimen- 
sions are critically dependent on the posi- 
tion of the pattern with respect to the 
x-ray beam central axis. This difficulty arises 
because of the line-focus principle employed 
in the design of the anodes of many diag- 
nostic x-ray tubes. For x-ray tubes with 
small anode target angles, it is especially 
important to ensure proper alignment of the 
test patterns along the x-ray beam central 





axis. This paper presents a discussion of 
this difficulty and proposes to ci-cumvert 
most alignment problems through use of a 
circular test pattern. 


BACKGROUND 
Line Focus Principle 


The line focus principle used in most 
x-ray tubes is illustrated in figure 1. The 
x-ray beam originates over an area of length 
l of the tube anode, which is posi-ioned at 
target angle ¢ with respect to the x-ray 
beam central axis. Along the central axis 
(9=0), the projected focal spot stze a,.(0) 
parallel to the anode-cathode axis is equa. 
to 4B and is given by the equaticn 


Apa(O) = /sin @. (1) 


At an angle 0 toward the anode from the 
central axis, the projected focal spot size 
DC is equal to / sin (¢—@). In the plane of 
the test object, the projected fozal spot 
length 4pa(0) is equal to CE and is given by 
the equation 


Apa(O) = / sin (bd — 6)/cos 8. (2) 


By substituting the value for a,.(o) from 
equation (1) in equation (2), 


tan 0 
) (3) 


tan ġ 





Apal) = Apa(O) (: - 


The equivalent width ape of the focal 
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Fic. 1.—Line focus principle. 


spot along a direction perpendicular to the 
anode cathode axis is practically inde- 

pendent of the angle of projection [7]. 
F a focal spot dimensions are usu- 
ally specified by the lengths a,.(o) and ape. 


Equivalent Focal Spot Measurements 


The measurement of equivalent focal 
spot dimensions using resolution test pat- 
terns has traditionally been done as fol- 
lows. First a magnified radiographic image 
of the test pattern is formed. The lowest 
spatial frequency fo of the lines at which 
complete loss of resolution occurs is then 
visually estimated. This frequency repre- 
sents the first zero of the focal spot modu- 
lation transfer function [3] and may be used 
to calculate the equivalent focal spot size a 
from the equation 


I m 
4 = — : j 
fo m == I 


where m is the radiographic magnification 
factor. 





(4) 
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For measurements of a,,, a line-bar pat- 
tern is positioned so that the line pairs are 
parallel to the anode-cathode axis. Con- 
versely, to measure 4,.(0), the pattern is 
positioned so that the line pairs are perpen- 
dicular to the anode-cathode axis. Thus at 
least two images are required to measure 
the effective focal spot dimensions with a 
line-bar pattern. 

The star test pattern® allows measure- 
ment of both ap. and 4y.(0) from a single 
image. This is because the radial spokes of 
the star pattern form spatial frequency line 
pairs oriented in all directions. Therefore 
to measure ape and d,.(0), the lowest dis- 
appearance frequencies of the radial spokes 
oriented parallel and perpendicular, re- 
spectively, to the anode-cathode axis are 
used. 

It must be emphasized that for either 
of the above test patterns, accurate knowl- 
edge of the location of the x-ray beam 
central axis is required for measurement of 
Apa(O). If the test pattern is not located 
strictly along this axis, then the measured 
length will be a,.(6) as given by equation 
(3). The amount of error involved in such 
measurements depends on both the posi- 
tioning error 0 and the x-ray tube target 
angle ¢. The smaller the target angle, the 
more significant the positioning error. For 
example, a 2° positioning error results in an 
11% error in the focal spot size for tubes 
in which @=17° and 28% error when 
o=7. 

CIRCULAR TEST PATTERN METHOD 


The problem of positioning the resolu- 
tion test pattern strictly along the x-ray 
beam central axis can be circumvented by 
using two adjacent line-bar patterns along 
the anode-cathode axis (fig. 2) or a circular 
pattern* (fig. 3). With such patterns the 
equivalent length @,.(6) of the focal spot de- 
termines the value of the disappearance 
frequency observed along the anode- 
cathode axis rather than perpendicular to it 
as in the case of the star pattern. Due to the 


* Prototype made by Emil Funk Optik (West Germany) following our specifications. 
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Fic. 2.—Double line-bar test pattern oriented along anode-cathode (A-C) axis for determination of equiva- 
lent focal spot lengths. Because of line focus principle, a different disappearance frequency is observed in each 


pattern. 


lme focus principle (eq. 3), the value of 
@~.(0) varies along the anode-cathode axis. 
Therefore the images of the double line-bar 
and circular test patterns will be asym- 
metrical since the disappearance frequency 
observed in one direction along the anode 
cathode axis is different from that observed 
in the other. This asymmetry, which does 
not arise in images of star test patterns, 
forms the basis for measuring 4pa(O) using 
the double line-bar or circular test patterns. 





Mic. 3.—Circular test pattern for determination 
of equivalent focal spot dimensions. In this image 
the disappearance frequencies along the anode- 
cathode (A-C) axis were 3.2 mm! toward the cathode 
and 6.3 mm! toward the anode. Disappearance 
frequency perpendicular to the anode-cathode axis 
was § mm}. 


If the two disappearance frequencies fı 
and fp observed along the anode-cathode 
axis occur at angles 6; and 9» from the x-ray 
beam central axis, then two effective focal 
spot lengths 4pa(01) and dpa(42) can be cal- 
culated from equation (4). The distances 
Sı and S, (see fig. 4) from the x-ray beam 
central axis to the observed disappearance 
frequencies are related to the angles 6; and 
6, as follows: 


= d tan 0; 
Se = 


p 


*S 0 S2 


(5) 


— d tan A, 


Fic. 4.—Relationship between distances of dis- 
appearance frequencies from central axis as mea- 
sured in the image plane and corresponding angular 
displacements. 
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where d is the focus-to-film distance. (The 
minus sign indicates that f, 1s measured in 
the opposite direction.) The effective focal 
spot lengths can be related to Sı and S; by 
combining equations (3) and (5) as follows: 


Sy ) 
dtan @ 


@pa(82) = Gpa(0) (: + = -) 


By subtracting apa(02) from apa(0ı), we 
arrive at the following equation: 





ETTET ( 
(6) 





d tan @ 

Apa(0) = |[4pa(&1) — tO T (7) 
Equation (7) can be rewritten in terms of 
the disappearance frequencies fı and f: as 
follows: 


I I m d tan ọ 
lò =--> E). 0 
h fot m— 1\8i + 82 
Equation (7) provides a method for de- 
termining the central axis equivalent focal 
spot size parallel to the anode-cathode 
axis without the requirement of an accurate 
knowledge of the position of the x-ray beam 
central axis. This is because the total dis- 
tances Si;+S, between the disappearance 
frequencies fı and fe can be measured 
directly from the pattern image, even 
though the individual distances S$; and S» 
remain unknown. Also required to measure 
Gpa(O) are the magnification factor m, the 
focus-film distance d, and the x-ray tube 
target angle ¢. Generally the manufacturer 
provides the value of ¢@ for a given x-ray 
tube. However, ¢ can also be determined 
by an experimental method (see later). 
The above analysis applies equally well 
to two adjacent line-bar patterns or to the 
circular pattern. The advantage of using 
the circular pattern is that the value of 
4pe can be determined from the same image 
used to determine a,,(0). This is accom- 
plished by observing the disappearance fre- 
quency along the pattern direction perpen- 
dicular to the anode-cathode axis. 
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EXPERIMENTAL RESULTS 


Two types of experiments were per- 
formed to evaluate the circular test pat- 
tern. First, equivalent focal spot dimen- 
sions of three x-ray tubes were measured 
using both the star, and circular test pat- 
terns to compare the two methods. Second, 
the equivalent focal spot dimensions of a 
single x-ray tube were measured using the 
circular test pattern positioned at several 
locations with respect to the x-ray beam 
central axis to determine if unique values 
of dpe and @,,(0) would be obtained. 

In each experiment the x-ray beam 
central axis was located by a parallax 
method. The device used consisted of two 
identical aluminum discs 3 mm thick in 
which a rectangular array of holes 1.5 mm 
in diameter had been drilled at 6.5 mm in- 
tervals. The discs were mounted on the 
parallel ends of a hollow plexiglass cylinder 
16 cm in diameter and 15 cm in height. 
The cylinder was positioned directly above 
an x-ray film and aligned so that the opti- 
cal cross hairs of the x-ray collimater coin- 
cided with the axes of the rectangular array 
of holes. The focus-film distance most often 
used was 80 cm. At this distance the 6.5 
mm spacing between the holes in the lower 
aluminum plate represents an angular dis- 
placement of 0.5°. A photograph of the 
parallax cylinder and a typical radio- 
graphic image are shown in figures § and 6, 
respectively. The line joining the upper and 
lower holes which coincide in the processed 
image determines the x-ray beam central 
axis. Using this method, the location of the 
central axis was determined within +0.25°. 

The target angle of each x-ray tube used 
was measured by observing the position at 
which anode cutoff occurred in the same 
image used to locate the x-ray beam central 
axis. The distance S, from the central axis 
to the position of anode cutoff was mea- 
sured (see fig. 6) and the target angle calcu- 
lated from the equation 


Sa 
a= tan? = 2 (9) 
d 
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TABLE 1 


X-ray TuBe DATA For Foca. Spor MEASUREMENTS 








X-RAY TUBE 





I 2 3 
Focal spot, nominal (mm)... 0.3 0:3 0.6 
Target angle, nominal (°).. 10 II II 
Target angle, measured (°).. 9.8 12.0 11.8 
i ee ne eee 50 80 85 
1Sa PREE TEET 100 150 200 





where d is the focus-to-film distance. The 
results of these measurements are shown 
in table 1 along with other physical data on 
the three x-ray tubes used for focal spot 
measurements. 

Measurements of equivalent focal spot 
dimensions using both the star and circular 
patterns positioned along the x-ray beam 
central axis are shown in table 2. For each 
x-ray tube the values of ape and apa ob- 
tamed by the two methods were equal 
within the limits of experimental error. 
Table 3 presents results of a series of focal 





Fic. §.—Cylindrical parallax device used to 
locate position of x-ray beam central axis. 


FOCAL SPOTS 1243 





Fic. 6.—Typical radiographic image obtained 
with cylindrical parallax device. Location of x-ray 
beam central axis is determined by position at which 
images of an upper and lower grid hole coincide. 
Target angle @ of x-ray tube is calculated from 
equation @=tan! (S,/d), where d is focus-to-film 
distance and $a is distance measured on image from 
central axis to position of anode cutoff. A-C= 
anode-cathode axis. 


spot measuremerits for a 10° target angle 
x-ray tube with the circular test pattern 
positioned at various locations with respect 
to the x-ray beam central axis. The calcu- 
lated value of ape was identical over a 
range of +2° with respect to the central 
axis either along or perpendicular to the 
anode-cathode axis. The values of a,,(o) 
varied from 0.34 to 0.38 mm at the various 
positions, with the central axis position 
yielding 0.36 mm. These variations are 
within the experimental error of estimating 
the disappearance frequencies. Similar dis- 
placements of a star test pattern resulted 


TABLE 2 


COMPARISON OF STAR AND CIRCULAR PATTERN 
FocaL Spor MEASUREMENTS 











apa @pa(O) 
X-RAY TUBE Star Circle Star Circle 
easa eee 0.34 0.34 0.38 0.36 
2 0.56 0.56 0.48 0.46 
He 0.88 1.02 1.09 


0.76 





Notre.—Values shown in mm. 
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TABLE 3 


Orr-Axis MEASUREMENTS WITH CIRCULAR PATTERN 


ANGLE FROM CENTRAL AXiIs (°) Foca. Spot MEASUREMENT 


(mm) 
Perpendicular 

Along A-C to A-C ape apa(0) 
O O 0.34 0.36 

+2 O 0.34 0.35 
+2 +3 0.34 0. 38 
—2 O 0.34 0.34 
—2 ae 0.34 0.34 


Notre.—A-C= anode-cathode axis. 


in measured equivalent focal spot lengths 
ranging from 0.29 to 0.45 mm. 


DISCUSSION 


The circular test pattern proposed in this 
paper has been shown to yield equivalent 
focal spot dimensions equal to those ob- 
tained by the more commonly used star 
test pattern. The advantage of using the 
circular test pattern is that it need not be 
accurately aligned along the x-ray beam 
central axis. Therefore use of this pattern 
will obviate a major source of error in the 
measurement of equivalent focal spot di- 
mensions, especially for small target angle 
x-ray tubes for which the projected focal 
spot size depends strongly on the angle of 
projection. 

The simple parallax device described in 
this report can be used to locate the x-ray 
beam central axis within +0.25°, which is 
sufficiently accurate for most applications. 
Additionally, the parallax device was found 
useful in measuring x-ray tube target 
angles. We have used this device to evalu- 
ate a number of diagnostic x-ray tubes and 
have generally found that while nominal 
target angle values are accurate within 
1.0°, the location of the x-ray beam central 
axis may be displaced from the optical cross 
hairs of the tube collimator by as much as 
+2°. These variations represent a major 
source of error in evaluating x-ray tube 
equivalent focal spot dimensions. 

The circular test pattern is especially 
applicable to small target angle x-ray 
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tubes. This is because the calculation of 
palo) is based on the difference dy.(81) — 
Apa(82) between the projected focal lengths 
at two different positions along the anode- 
cathode axis. With small target angle tubes 
this difference is accentuated more so than 
with large target ‘angle tubes. Therefore 
measurement of d,a(0) with the circular 
pattern will be more accurate for small 
than for large target angde tubes. The star 
and circular patterns can be used comple- 
mentarily, with the former applicable to 
large target angle tubes where accurate 
positioning is not critical and the latter to 
small target angle tubes for which it allows 
accurate measurements without the re- 
quirement of accurate positioning. 

One drawback to the use of resolution 
test patterns for evaluating equivalent 
focal spot dimensions is that with some 
tubes a disappearance frequency cannot be 
observed. This will be the case if the in- 
tensity distribution from the focal spot 
happens to be a Gaussian or exponential 
distribution. Special methods have been 
devised to specify the equivalent focal spot 
size in these cases [8]. Another possibility 
in this area lies in the recently proposed 
use of a Fresnel zone plate test pattern for 
focal spot measurements [9]. This method 
may allow direct reconstruction of the focal 
spot intensity distribution from a test 
pattern image. 
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LACK OF GALLIUM UPTAKE IN PRIMARY 
HEPATIC AMYLOIDOSIS 


Tuomas G. GoerRGEN,! ANDREW TAYLOR, AND NAOMI ALAZRAKI 


ABSTRACT: 


99m e-sulfur colloid and “Ga citrate hepatic scintigrams showed matching defects 
in a patient with diffuse primary amyloidosis. Amyloidosis should be added to the 
usual differential diagnosis of such matching lesions which includes cysts, fibrosis, 
most benign tumors, and occasional metastatic lesions which do not concentrate 


gallium. 


Liver scanning with “Ga citrate is often 
helpful for evaluation of focal abnormalities 
detected on the routine **"Tc-sulfur colloid 
scan. Increased gallium uptake in an area 
of decreased sulfur colloid activity gener- 
ally suggests tumor or abscess, while de- 
creased gallium uptake matching a focal 
abnormality on the sulfur colloid scan sug- 
gests a benign process such as a cyst, 
fibrosis, or benign tumor. This report pre- 
sents a case of focally decreased gallium 
uptake in the liver matching the sulfur 
colloid scan in a patient with primary 
amyloidosis. 


CASE REPORT 


A 6s-year-old alcoholic was admitted with 
progressive chest pain, abdominal pain, and in- 
creasing abdominal girth. The abdomen was 
distended by a large palpable liver. Pertinent 
laboratory values (normal range in parentheses) 
included: SGOT, 66 (8-300); serum alkaline 
phosphatase, 105 (4.5-11); and bilirubin, 2.1 
mg/100 ml. An upper gastrointestinal examina- 
tion revealed esophageal varices and mural or 
submucosal mass without ulceration in the left 
anterior gastric fundus. A %™"Tc-sulfur colloid 
scan showed hepatosplenomegaly with large 
focal defects in both the liver and spleen (figs. 
14 and 2). A "Ga citrate scan showed a match- 
ing pattern of decreased accumulation in the 
liver (fig. 1B). Sonography of the right upper 
abdomen revealed an enlarged liver with mul- 
tiple internal echoes, suggesting an infiltrating 
process such as fibrosis or diffuse hepatoma 
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Fic. 1.—A, 9™Tc-sulfur colloid images of anterior 
liver showing hepatomegaly with large areas of de- 
creased activity. There is more normal uptake in 
dome and inferior left lobe. B, Same view with Ga 
citrate showing large areas of decreased activity cor- 
responding to colloid images. 


1 All authors: Department of Radiology, University of California at San Diego, and Nuclear Medicine Service, Veterans Administra- 
tion Hospital, 3350 La Jolla Village Drive, San Diego, California 92161. Address reprint requests to N. Alazraki at the Veterans Ad- 


ministration Hospital. 
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Fic. 2.—™Tc-sulfur colloid images of anterior (4) and posterior (B) spleen showing splenomegaly with 
markedly decreased counts in lower pole (arrows). 


-_ 
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Fic. 3.—Gray-scale sonogram of liver (transverse, 6 cm above umbilicus) showing generalized hepatomeg- 


aly, including the caudate lobe (arrows), and generalized increase in internal echoes. 
biian 
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(fig. 3). A liver biopsy and biopsy of the gastric 
mass revealed massive amyloid deposition. Sub- 
sequent evaluation has failed to establish a 
diagnosis of myeloma. 


DISCUSSION 


Amyloidosis is a disease of unknown 
etiology which in its primary or secondary 
form may affect a variety of organ systems. 
The basic pathologic abnormality is char- 
acterized by accumulation of abnormal 
protein mucopolysaccharide in various tis- 
sues and around blood vessels. In a patient 
with widespread primary amyloid infil- 
trates in the liver, large focal areas of de- 
creased radionuclide accumulation were 
identified on the *™Tc-sulfur colloid scan. 
Liver scanning with "Ga citrate revealed 
areas of decreased gallium accumulation 
matching the sulfur colloid images. 

In a small series of multisystem scan- 
ning in primary amyloidosis, °"Tc-sulfur 
colloid liver scan abnormalities included 
hepatomegaly with either homogeneous or 
heterogeneous uptake [1]. Spleen scans in 
the same patients ranged from normal to 
enlarged with either increased or decreased 
uptake. There was one case of absent spleen 
uptake with diffuse splenic amyloidosis. 
Experience with gallium or other tumor 
scanning agents has not been reported. 
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Uniform gallium activity 1s expected in 
the normal liver; the site of uptake is 
thought to be the hepatocyte. It has been 
postulated that hepatic metabolism of the 
citrate liberates free gallium which can 
form proteinate complexes within the liver 
[2]. Since hepatic involvement is common 
in amyloidosis, the appearance of large 
focal defects on the "Ga citrate scan is not 
surprising. Presumably, tesidual function- 
ing hepatocytes were displaced by large 
areas of amyloid deposition. Thus the dif- 
ferential diagnosis of matching focal de- 
fects in the liver on liver scans with ®Tc- 
sulfur colloid and "Ga citrate should in- 
clude amyloid infiltrates, in the proper 
clinical setting. This is added to the usual 
differential diagnosis of matched defects 
which includes cysts, fibrosis, most benign 
tumors, and occasional metastatic lesions 
which do not concentrate gallium. 
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INCIDENTALLY DETECTED THROMBOSED VEIN 
DURING “GA CITRATE SCANNING 


Cuan H. Park,!? FRANKLIN J. MILver,! ALLAN Lipton,’ anb Harotp Harvey? 


ABSTRACT: 


A patient with st&€ge IVA Hodgkin’s disease developed thrombosis of the right 
cephalic vein at the site of an indwelling catheter. A few weeks later, 72 and 96 hr 
scans after injection of “Ga citrate revealed an increased linear uptake where the 
thrombosed vein was palpated. As far as we know, this is the first case showing 
abnormal uptake of this agent in a thrombosed vein. It is postulated that residual 
chronic inflammatory cells are responsible for “Ga citrate uptake in this case. 


In 1968 Edwards and Hayes [1] discovered 
that "Ga citrate localized in certain human 
neoplasms. This was subsequently verified 
in a number of papers [2-8]. A variety of 
nonneoplastic lesions also showed a local- 
ized accumulation of this agent, including 
abscesses [9], pulmonary sarcoidosis [10] 
and tuberculosis, pneumonia [II, 12], 
empyema of the gall bladder [13], and 
acute myocardial infarction [14]. There has 
been no previous report of a thrombosed 
vein secondary to an indwelling catheter 
taking up “Ga intensely. One such instance 
is now described. 


CASE REPORT 


R. E. is a 34-year-old Caucasian male who 
was admitted for the third time to Hershey 
Medical Center Hospital on February 6, 1975, 
for recurrent malignant lymphoma and jaun- 
dice. He had Hodgkin’s disease, stage IVA, 
previously treated by chemotherapy. In 1973 he 
had a splenectomy: liver and bone marrow 
biopsies also were positive for Hodgkin’s dis- 
ease. He responded well to multiple chemo- 
therapeutic agents and radiation therapy to the 
left axilla. In December 1974 he developed pro- 
gressive pain in lower abdomen and back with 
vomiting, dark urine, and jaundice. A Rose 
Bengal liver scan strongly suggested an extra- 
hepatic biliary obstruction. At laparotomy, a 
large multinodular mass was found in the region 
of the porta hepatis as well as nodal enlarge- 
ment in the celiac and paraaortic regions. A 


cholecystojejunostomy was carried out. An in- 
travenous catheter was inserted in the right 
antecubital vein and subsequently removed be- 
cause of thrombophlebitis. Approximately 1 
month after the laparotomy, a Ga scan was 
performed. At that time, the patient was re- 
ceiving intravenous fluid through an indwelling 
catheter in the left antecubital vein. Carrier 
free "Ga citrate was injected through the cathe- 





Fic. 1.—’Ga scan showing anterior view of whole 
trunk. Note intense uptake along lateral aspect of 
right arm and abnormal uptakes in liver and ab- 
domen. Dots indicate chin, suprasternal notch, and 
xyphoid process. 


1 Department of Radiology, Milton S. Hershey Medical Center, Hershey, Pennsylvania 17033. 
? Present address: Division of Nuclear Medicine, Thomas Jefferson University Hospital, Philadelphia, Pennsylvania 19107. Address 


reprint requests to C. H. Park. 


3 Division of Oncology, Milton S. Hershey Medical Center, Hershey, Pennsylvania 17033. 
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Fic. 2.—Venogram of right arm revealing occlu- 
sion of cephalic vein (arrow). 


ter, and rectilinear scans were performed at 72 
and 96 hr. These showed intense activity along 
the thrombosed vein in his right arm (fig. 1) as 
well as abnormal activity in both hili, liver, and 
abdomen. Physical examination revealed a hard 
linear mass where thrombophlebitis was noted 
previously along the lateral aspect of the right 
upper arm. Bilateral venograms were performed, 
and occlusion of the right cephalic vein was 
demonstrated (fig. 2). The left side was normal. 
The patient later expired, and an autopsy (ex- 
cluding the extremities in accordance with 
family wishes) confirmed the diagnosis of stage 
IVA recurrent malignant lymphoma, Hodgkin’s 
disease, lymphocyte-depleted type. 
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ELECTRON BEAM THERAPY IN HEAD AND 
NECK TUMORS 


Dante A. Tosin,! WiLttiaAM HALL, anp Ratpu M. Scorr 


ABSTRACT: 


Electron beam therapy with its high energy capabilities appears promising as a 
therapeutic modality in head and neck neoplasms. Over a 10-year period, 153 cases 
of head and neck neoplasms involving the alveolar ridge, Hoor of mouth, buccal 
mucosa, retrofnolar trigone, tonsil, parotid, tongue, and pharynx were treated, 
The platy ngeal group was removed from consideration because of the unsuitability 
of this lesion for single port therapy. Normal standard doses and time-dose fractions 
are included as a basis for treatment comparison, and the influence of stage on sur- 
vival is noted. Survival and tolerance of this form of treatment is comparable to 
photon therapy and may in fact result in fewer complications. 


High energy electron beam therapy, con- 
sidered in the 1950s and 1960s as poten- 
tially promising for unilateral head and 
neck tumors, is emerging in the 1970s as an 
aeceptable treatment modality for these 
lesions. The beam characteristics of high 
surface dose from rapid buildup and fast 
falloff in the tissue depths seemed promis- 
ing in the treatment of head and neck neo- 
plasms confined to one side of these 
structures (fig. 1). If electron beam therapy 
could approach photon therapy in the 
effective control of these unilateral lesions 
and at the same time offer some skin- 
sparing effect, preserve salivary function, 
and preserve the normal tissue and bone 
on the opposite side of the head and neck, 
it would indeed prove a valuable addition 
to the armamentarium of the radiation 
oncologist. 

In 1965 the Radiation Center of the 
University of Louisville instituted a study 
of electron therapy as applied to certain 
head and neck lesions. A report of that 
study in 1973 [1] suggested that high energy 
electron therapy could indeed be adapted to 
approach the survival rates of photon 
therapy. Further, the use of the electron 
beam resulted in significant reduction of 
normal tissue and bone reaction and pre- 
served more salivary gland function, thus 





improving the dental hygiene of the post- 
radiation patient. The study has now been 
in progress for 10 years. Results are sum- 
marized in this paper. 


SUBJECTS AND METHODS 


Study Design 


During the first years of the study, tumors 
from the oral, oropharyngeal, and pharyngeal 
areas were considered for admission. However, 


short-term survival rates soon demonstrated 


the inability of this modality to encompass the 
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entire disease area of such lesions as the lateral 
wall of the pharynx with its many lymphagitic 
and vascular pathways of spread. Subsequent 
admissions to the study were confined to the 
oral and oropharyngeal areas and included uni- 
lateral lesions of the buccal mucosa, floor of the 
mouth, alveolar ridge, retromolar trigone, 
tonsil, tongue, and parotid. All treatment plans 
were instituted with curative intent. Staging 
of the tumors followed that of the Joint Com- 
mittee for Cancer and End Results Reporting 
for Oral Cavity (1967), and Pharynx (1965). 
Staging was accomplished whenever necessary 
by both direct and indirect laryngoscopy and 
included soft tissue radiographic studies. Tissue 
diagnoses were obtained in all cases. 

A 25-meV betatron provided the electron 
beam in suitable energies from 10 to 24 meV. 
The energy of the electrons selected was that 
necessary to encompass the tumor and nodes, 
if present, and permit “falloff” in the adjacent 
normal tissue behind the tumor. Depth dose 
determinations, described previously [2], were 
employed in planning the patient’s treatment 
(fig. 2). The rapid buildup of the surface dose 
reaches g0% in the first 2 mm of tissue. The 
tissue dose remains uniformly high and, de- 
pending on the energy employed, falls off very 
rapidly in the lower energies (10-12 meV) and 
less rapidly as the energy level rises. Even at 
24 meV the 80% depth dose level obtained was 
maintained to 5.8 cm, fell to 50% at 8.2 cm, 
and to 20% at 10.4 cm. 

Because the asymmetry of fields perpendicu- 
lar and parallel to the axis of the beam was 
thought to be significant at low and high ener- 
gies [1], large normal tissue margins were pre- 
sumed necessary at all energies. Subsequent 
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film dosimetry showed this asymmetry to be 
significant only at energies above 18 meV, 
requiring large normal tissue margins above 
that energy. The problem of tissue nonhomo- 
geneity (particularly bone) in an electron beam 
field continues to be studied intensively. Single 
treatment portals were used, and field size 
varied from 48-120 cm squares or rectangles to 
4-8 cm circles. A wax bolus was used when 
maximum doses were needed at the skin sur- 
face. Treatment distance Was 100 cm. Tumor 
doses employed varied from 5,500 rad in 30 
days to 7,000 in 68 elapsed days, utilizing both 
straight and “‘split course” techniques in 20-35 
fractions. 

The time-dose relationship utilized in the 
study included four treatment plans. Eighty- 
one patients were treated with a total tumor 
dose of 6,000-6,600 rad in 40-44 days utilizing 
“straight” therapy technique, and 53 patients 
were treated to 6,500-7,c00 rad in 63-67 days 
with the “split course” 3 weeks rest technique. 
Both of these groups received 200 rad/day. Ten 
cases were treated to 5,500 rad in 32 days at 
250 rad/day, and nine to 6,000 rad in 49 days 
at 300 rad/day. The time-dose fraction values 
of Ellis [3] and Orton and Ellis [4] revealed 
comparable values of 108, 109, 102, and 107 for 
these plans and ret values of 1,770, 1,876, 1,804, 
and 1,808. 


Patients Investigated 


In the past 10 years, 6,150 new patients were 
seen at the radiation center; 153 patients with 
head and neck cancer fulfilled criteria for ad- 
mission to the study, were treated, and have 
remained available to us for follow-up. All have 
had a minimum of 2 years follow-up. Table 1 
shows the location and extent of disease in 
these patients. The highest number of cases (29) 
had tumors in the tonsillar portion of the oro- 
pharyngeal area, followed by 28 cases with 
tumors in the anterior two-thirds of the 
tongue. 

In reviewing the patients at each stage of the 
disease, the tongue lesions were the only ones 
seen in any number at the earlier stages. The 
utilization of the tongue in eating and in speech 
may explain the early detection. Among the 
tonsillar cases, 55% were recognized by the 
time stage II was reached. This stage lesion does 
not involve spread to the adjacent nodes. Only 
cancer of the pharyngeal area had over 50% ot 
cases with lymph node involvement (stages II] 
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TABLE 1 
ExTeEnT OF DISEASE 
m 
Area No. Cases Stage I Stage II Stage III Stage IV 
eR 
TiNo T2No T3No, T123N1 7T123N23 
ee eee a ee ee 
Oral area: 
PhCH: 6 63h sh hda03054 28 9 6 8 5 
BuccaE mucosa. sssi 16 3 7 3 3 
Floor of mouth...g.... 18 3 8 6 I 
Alveolar ridge......... 13 2 6 5 O 
Retromolar trigone..... 13 3 8 2 O 
TıNo T23No T123N1 - T123N2 
Oropharyngeal area: 
Torere 29 2 14 5 8 
igh 2 ee 8 O 3 2 3 
PROG. REEE EAT 28 pies 
iC: ere err i3 22 eg 31 20 


Note.—1965-1973. 


and IV), another reason why treatment proved 
ineffective. 

Lesions of the buccal mucosa, floor of mouth, 
alweolar ridge, and retromolar trigone were not 
recognized early (stage I) but were noted by 
patients when the primary tumor advanced to 
dimensions sufficient to produce symptoms. 
Only two of 13 cases with retromolar trigone 
lesions had adenopathy, the least adenopathy, 
for any of the types investigated. Tonsillar 
lesions, traditionally the best responders to 


curative attempt by radiation therapy, were 
not recognized early; 52% were recognized by 
the T2No stage, but 45% presented with nodes 
(23% with N2 nodes). Parotid tumors have no 
widely accepted staging system to categorize 
them at this time. 


RESULTS OF THERAPY 


Table 2 shows the survival data following 
electron beam therapy. Of the 153 patients, 


TABLE 2 


SURVIVAL AFTER ELECTRON BEAM THERAPY 

















AT Risk 
AREA No. Cases  2- YEAR SURVIVAL Stage I Stage II Stage III Stage IV 
ae NE eee nena ee ee ee 
TOUTE: seeria 28 14 4 K O O 
Boécal mucosa. sieran 16 9 I 3 2 O 
Floor of mouth.......... 18 12 O 2 2 O 
Alveolar ridge........... I3 3 I O O O 
Retromolar trigone....... 13 7 I 6 O O 
VORA. E E chee ees 29 16 I 4 g O 
PREPVHS PEE T 8 I O O O I 
lg a ee i 28 SF 
e E E 
a PEER EE TE TT 153 79 8 18 6 I 


NotE.—1965-1973. 
* 13 are long-term survivors (not staged). 
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79 survived 2 years; 45 of these are still at 
risk. There were no long-term survivors 
with stage IV disease. Of the 45 patients at 
risk, only six have mobile adenopathy: 
none survived with N2 lesions (fixed nodes). 
Of the 108 deaths, 94 were from cancer (six 
demonstrated second primaries) and 14 
from nonmalignant disease or accidents. 

Of the 28 with disease of the anterior 
two-thirds of tongue, 14 survived 2 years: 
none with adenopathy remain alive. Of the 
seven patients at risk, all had primary 
disease but without adenopathy. Among 
the 29 patients with tonsillar disease, 16 
survived 2 years and seven of these remain 
at risk. In the buccal mucosa group nine of 
16 patients survived 2 years with six pa- 
tients presently at risk, two with non-fixed 
nodes. Of 28 patients with parotid tumors, 
17 survived 2 years, and 13 are now long- 
term survivors. Of the 18 patients with 
tumor in floor of mouth, 12 survived 2 
years; however, only four are at risk, two 
with Ni disease. Among 13 cases with 
retromolar trigone lesions, seven survived 
2 years and are still at risk. Among 13 cases 
cases of alveolar ridge lesions, only three 
survived to 2 years and only one remains 
at risk. 

The eight patients with pharyngeal le- 
sions were included for a short time and 
then dropped from the study because of 
very poor survival with electron beam ther- 
apy. Only one stage IV patient remains at 
risk and is considered a most unusual case. 


DISCUSSION 


Our original inquiry into the use of elec- 
tron beam therapy for patients with se- 
lected unilateral tumors of the head and 
neck, initiated in 1965, indicated that this 
modality had potential. The hope that the 
electron beam might produce less perma- 
nent damage to normal tissue and still 
produce survival rates approaching those 
of photon therapy has been sustained by 
review of our experience from 1965 to 1975. 
The 2-year survival rates of patients 
treated with electron beam therapy for 
lesions of the tongue (50%), buccal mucosa 
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(56%), retromolar trigone (53%), tonsil 
(56%), and floor of mouth (66%) compare 
favorably with our experience using photon 
therapy in treating these areas. 

Our experience also demonstrates the 
necessity for careful selection of patients 
for electron beam therapy. Failure to 
achieve any long-term survival in patients 
with lateral pharyngeal lesions led to the 
exclusion of this group *of patients from 
the study and suggests probable failure of 
the electron beam to satisfactorily treat 
any cancer which even approaches the 
midline of head or neck areas. Lesions of 
the anterior two-thirds of tongue not on 
the lateral edge and the anterior alveolar 
ridge should be carefully evaluated for 
approach to midline and could better be 
treated with opposed photon fields. 

The presence of adenopathy was again 
demonstrated to markedly compromise 
survival. Of 31 patients with nonfixed 
small lymph nodes (N1), only six survived 
past 2 years; none of the patients with N2 
large fixed nodes survived past 2 years. The 
stage of the primary tumor, always a criti- 
cal factor in survival, is even more crucial 
when electron beam by single field is 
utilized. Of 52 cases classified T2No, 35% 
remain at risk. 

Tolerance of electron beam therapy by 
the patient remains the significant reason 
for its continued utilization by the radia- 
tion oncologist. During therapy, erythema 
and dry desquamation occur in the treat- 
ment schedule at approximately the same 
time as with photon therapy. A total of 
19% of cases demonstrated wet desquama- 
tion which responded in all cases to con- 
servative management. Those cases treated 
with “straight” therapy to a total tumor 
dose of 5,500 rad at 250 rad/day demon- 
strated wet desquamation in a higher per- 
centage of cases, as would be expected. 

Mucosal reactions were comparable to 
those encountered with photon therapy. 
Confluent mucositis occurs more frequently 
in those patients treated to a high total 
dose in “straight”? therapy. Thus patients 
with high stage disease treated with “‘split 


ELECTRON BEAM THERAPY IN HEAD AND NECK TUMORS 1255 


course” therapy did not develop confluent 
mucositis as frequently. 

Hyperpigmentation was noted as a late 
skin reaction in 16 of the patients surviving 
2 years. Three of the patients presently at 
risk demonstrated fibrosis in the tissues, 
but this reaction could not be associated 
with any particular time-dose relationship 
and occurred at the same frequency as with 
photon therapy. ° 

The ability of the patients to complete 
the entire treatment plan in the correct 
time sequence with adequate nutrition 
and with lower incidence and severity of 
skin and mucosal reactions emerges as the 
significant advantage of electron therapy. 
There was a lesser tendency to posttherapy 
dental problems, and mandibular necrosis 
has not been encountered. 

In the cases where surgical attempts at 
salvage postradiation therapy were made, 
the surgeons reported that tissue handling 
and postoperative healing were similar to 
those encountered following rescue after 


photon therapy. 

As the result of this on-going study we 
conclude that (1) single-field electron beam 
therapy of selected areas of head and neck 
cancer is well tolerated by patients; (2) 
planning and administration of therapy is 
simplified by use of the electron beam; and 
(3) complications in patients treated with 
electron therapy appear diminished, sur- 
vival comparable, and quality of life im- 
proved compared to photon therapy of 
similar lesions. 
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SURGICAL TREATMENT OF ADVANCED CARCINOMA 
OF THE FLOOR OF THE MOUTH 


Oscar M. GuILLAMONDEGUI AND Ricuarp H. Jesse! 


ABSTRACT: 


The anterior arch of the mandible is essential for satisfactory oral function and 
appearance. It can be preserved in surgical treatment of advanced cancers of the 
floor of the mouth by partial thickness resection. Surgery and radiation are approxi- 
mately equally effective in the control of advanced (T3) primary lesions. A treat- 
ment plan is proposed which employs a combination of nondisabling surgical resec- 
tion followed by immediate postoperative radiation. Of 19 patients with T2, T3, 
and T4 lesions treated and followed 1 year or more, 11 were free of cancer, includ- 
ing six who had positive lymph nodes. Of those dying of cancer, only one had local 
recurrence, while recurrence in the neck occurred in four. This report further 
strengthens the need for postsurgical radiation in certain situations. 


The floor of the mouth can be arbitrarily 
divided into an anterior or sublingual area 
and a lateral or gingivolingual sulcus. The 
results of treatment of advanced carcinomas 
are similar in both areas; however, the 
functional, cosmetic, and psychological ef- 
fects of the various modalities of treatment 
employed are strikingly different for the 
two areas. 

The surgical treatment of many large tu- 
mors requires the resection of a segment of 
mandible and has been traditionally con- 
sidered a necessary means of obtaining 
“adequate” surgical margins. Resection of 
the lateral or horizontal ramus of the 
mandible produces only moderate disabil- 
ity and usually does not need prosthetic or 
surgical repair. Resection of the anterior 
arch of the mandible, the notorious “Andy 
Gump” deformity, creates a formidable 
disability and an overwhelming cosmetic 
problem. The patient becomes unable to 
masticate, speak intelligibly, and frequently 
is incontinent of saliva and unable to 
swallow. 

Reconstruction of the anterior arch in 
patients who have had advanced lesions 
removed is often unsuccessful due to the 
concomitant loss of large amounts of soft 


tissue in the tongue, floor of the mouth, and 
upper neck necessary to cover the pros- 
thesis. In addition, radiation therapy either 
pre- or postoperatively almost uniformly 
results in failure of any prosthetic device. 
Invasion of the periosteum by tumor, or 
even superficial invasion into the lingual as- 
pect of the mandible, is not a mandatory 
indication for resecting a segment of the 





1.—Anterior view of _ horizontal-coronal 
resection of anterior arch of mandible. 


Fic. 
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mandibular arch. The dense, solid bone of 
the anterior mandible offers a good barrier 
to the local growth of cancer. In the mid- 
ine, the mandible is penetrated or de- 
stroyed only very late in the course of the 
disease, unless infection due to decayed 
teeth with periodontal infection softens the 
bone to the extent that the tumor can 1n- 
filtrate the alveoli with ease. 

In some patients, therefore, it is possible 
to remove a cancer of the anterior floor of 
the mouth with adequate margins by re- 
secting only a portion of the thickness of 
the mandible and leaving enough bone to 
preserve the continuity of the anterior 
arch. The surgeon must make a careful de- 
cision in selecting candidates for this type 
of procedure, usually without the aid of 
immediate histopathological studies. The 
inner table of the mandible can be removed 
with the tumor (fig. 1), or, if necessary, a 
more complex horizontal resection of the 
alveolar ridge can be performed in addition 
(figs. 2 and 3). 

The root of the tongue and the muscles of 
the floor of the mouth, genioglossus, genio- 
hyoid, and mylohyoid can also be removed. 
This can be accomplished intraorally, or in 
continuity, bilateral, partial, or complete 


Mylo- hyoid 
Genio- hyoid 
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Fic. 2.—Medial view of horizontal-coronal re- 
section of anterior arch of mandible. 


neck dissections en bloc can be added. The 
defect is covered with a skin graft or local 
flaps. In summary, this procedure makes 
possible the removal of some large tumors 
of the anterior floor of the mouth with 
limited invasion of the anterior arch of the 
mandible and sublingual structures. The 
functional and cosmetic results are indeed 
acceptable, and the postoperative disability 
is minimal. 

Advanced cancers of the floor of the 
mouth are classified as T3 and T4 according 
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Fic. 3.—Coronal resection of anterior arch of mandible. 
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TABLE 1 


STAGING CRITERIA FOR FLoor or Mouru 








Stage Description 





UICC-AJC* (1973): 

Tumor 2 cm but <4 cm 
jk: eee ee oer Tumor >4 cm 
M. D. Anderson 


Hospital (1974): 


i E PRE A Tumor 2-4 cm 

Li See eee Tumor >4 cm; fixation to 
periosteum or pressure de- 
fect in bone 

Cond d sate beat Massive tumor or bone in- 


volvement of root of tongue 


* UICC= International Union Against Cancer; AJC= Ameri- 
can Joint Committee for Cancer Staging and End Result Re- 
porting. 


to the primary lesion. The currently used 
staging criteria are shown in table 1 [1]. At 
the M. D. Anderson Hospital in Houston, 
about 60% of the patients with cancers of 
the floor of the mouth are classified in the 
T3-T4 group. The results of treatment are 
shown in table 2. Table 3 shows the ab- 
solute survival figures for the advanced 
stages. It must be noted that the patients 
were individually selected for each modal- 
ity of treatment and that the combination 
of treatment modalities was seldom used 
before 1968. The number of failures is simi- 
lar in the group of patients treated by sur- 
gery or those treated by radiation alone. 
The difference in control of the primary le- 


TABLE 2 


SURVIVAL AFTER TREATMENT BY SURGERY OR X-RAY 
THERAPY FOR CANCER OF FLoor or Mouty 














SURGERY X-ray THERAPY 

STAGE No. % No. % 
i E rere 11/14 78.6 30/34 88.2 
i E N 12/15 80 42/58 79.4 
f i eee 9/16 56.3 28/46 60.9 
i ee 1/8 [2% 0/10 0.0 
Total gafen 62.3 100/148 67.6 





Nore.—Determinate survival data, 5 years with NED. Data 
from M. D. Anderson Hospital, 1948-1965. 
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sion is striking when stages T3 and T4 are 
compared. 

It has been proved in the past that the 
surgical salvage of radiation failures is far 
more successful than the reverse [2]. Thus 
if the patients are treated initially by radia- 
tion therapy, many of the failures in stage 
T3 can still be salvaged by surgical resec- 
tion (table 4). However, radiation in thera- 
peutic doses reduces the*blood supply of 
the tissues, including the mandible, and 
increases the incidence of infection and 
necrosis when the trauma of surgery is 
added. Therefore, after radiation therapy, 
surgical procedures which attempt the re- 
section of less than the entire segment of 
mandible adjacent to the tumor will usu- 
ally fail due to necrosis or fractures. How- 
ever, surgical procedures employed alone 
for T3 and T4 cancers have a reasonably 
high local failure rate and are even less 
effective in controlling regional lymph node 
metastasis [3]. 

From the above considerations, a treat- 
ment plan has evolved which employs a 
combination of a nondisabling surgical re- 
section followed by immediate postopera- 
tive irradiation. This plan improves both 
the control rate of the cancer and the qual- 
ity of the patient’s life. 

From January 1970 to July 1973, 20 
selected patients with squamous cell carci- 
noma of the anterior floor of the mouth and 
gingiva, staged T2, T3, or T4, were treated 
with surgical procedures that included par- 
tial resections of bone and preservation of 
the arch of the mandible. All of these pa- 


TABLE 3 


SURVIVAL AFTER TREATMENT OF PRIMARY LESION BY 
X-RAY THERAPY OR SURGERY ALONE 








SURGERY X-ray THERAPY 

STAGE No. % No. % 

jl e 12/22 54.5 28/50 56.0 
i If” ee I/II 9.0 0/8 O 





Nore.—Absolute survival data, 5 years with NED. Data from 
M. D. Anderson Hospital, 1954-1968. 
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TABLE 4 


SURGICAL SALVAGE OF X-RAY THERAPY FAILURES 
IN CANCER OF FLooR OF MOUTH 








X-RAY THERAPY 





FAILURES ULTIMATE 

— SALVAGE BY FAILURE 
STAGE No. i SURGERY A 
i E TT 14/60 23 11/14 5 
jg ere 19/24 79 0/19 79 


Nore.—Local control for a minimum of 30 months. Data from 


M. D.Anderson Hospital, 1954-1967. 


tients had cancer extending at least into 
the periosteum, while seven had evidence 
of bone invasion. Ten patients also had 
cancer in the cervical nodes. 

Of the 20 patients, one died shortly after 
returning home from his operation. The 19 
remaining patients could be followed 1 
year or more. (In our experience, 85% of 
the recurrences above the clavicle will occur 
during the first year.) Eleven of the 19 pa- 
tients were free of cancer, six of these hav- 
ing had positive lymph nodes. Seven pa- 
tients died of cancer: one recurred at the 
primary site, four recurred in the neck, and 
two had distant metastasis while free of 
cancer in the local and regional area. The 
remaining patient died of other causes 
(table 5). 

If survival is evaluated according to the 
T stage of the disease, all six patients with 
T2 cancers survived, while only four pa- 
tients of nine with T3 lesions and one of 
four with T4 lesions survived. Most of the 
recurrences were in the neck, but it is in- 
teresting to note that only for one of these 
patients with recurrence in the neck was 
lymph node metastasis found in the surgi- 
cal specimen. 
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TABLE 5 


RESULTS OF TREATMENT FOR CANCER OF 
ANTERIOR GUM AND FLOOR oF MoutTu 











Result No. 


NED TE SE) i cceee eared ancands 
Died: 
Primary recurrence... 6. iasvcass 
Node recurrent. . <6 6055 44405. 
Distant metastasis.............. 


con Ne H 


Note.—1970-1973; patients followed 1 year or more. 
* Six N+. 


In our opinion, these considerations 
strengthen the necessity of postoperative 
radiation therapy in the following situa- 
tions: presence of gross residual disease; 
aggressive tumorsincluding large infiltrating 
tumors (nerves, etc.), carcinoma in situ at 
margins, and multiple foci of carcinoma; 
subclinical disease in regional lymphatics; 
and suspected microscopic disease (surgical 
margins histologically “clear’’). 
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CENTRAL AXIS DEPTH DOSE FOR A 2.5 MV 
VAN DE GRAAFF GENERATOR 


Davin W. Anperson,! Davin E. Raesipe,! Resa I. Apams,! anp Myron R. GogpE!? 


ABSTRACT: 


Central axis percentage depth dose values and isodose curves for the brems- 
strahlung beam from a 2.5 MV Van de Graaff generator were measured with a 
water phantom at 100 cm target-to-surface distance. Tissue-air ratios were calcu- 
lated from the central axis depth dose data. Use of the 2.5 MV percentage depth 
dose values are necessary for treatment planning since they are substantially larger 
than the values given in compilations for 2.0 MV beams. 


INTRODUCTION 


Increased output and increased percentage 
depth dose are two advantages to operation 
of a Van de Graaff bremsstrahlung genera- 
tor at 2.5 MV rather than 2.0 MV. The 
generator used for radiation therapy at the 
University of Oklahoma Health Sciences 
Center was recently modified for 2.5 MV 
operation with the result that the dose rate 
was increased by a factor of 1.8. Subsequent 
to the modification, measurements re- 
quired for obtaining central axis percentage 
depth dose tables and isodose curves for a 
variety of fields were made. The complete 
tables and several of the isodose curves are 
presented here since they may prove useful 
in other institutions anticipating similar 
modifications. 


EXPERIMENTAL APPARATUS AND TECHNIQUE 


The generator used as the radiation 
source was an electrostatic electron ac- 
celerator (Van de Graaff) manufactured by 
High Voltage Engineering Corporation 
(Burlington, Massachusetts) and operated 
at 2.5 MV. A tungsten transmission target 
2.3 mm thick and mounted on a 1.8 mm 
copper backing in the end of the accelerator 
tube was used to produce the radiation 
beam. No field flattener was used, but 
additional filtration due to cooling water 
jacket, an exposure rate monitor, and a 
light field mirror was sufficient to produce 
a beam with a half-value thickness of 


7.65 +0.05 mm of lead. 

The maximum energy of the bremsstrah- 
lung photons was calibrated using the 
threshold for the D(y,n)H reaction at 
2.226 MeV [1]. A sample of 25 g of heavy 
water was irradiated at various indicated 
terminal voltages with a silver sheet 
wrapped around the teflon sample holder. 
The £ activity induced in the silver was 
counted after the irradiation as the indi- 
cator of reaction yield. A linear plot of 
yield versus indicated voltage was easily 
extended to zero yield to verify threshold 
terminal voltage to within +10 kV. 

The focal spot size for the accelerator 
beam was measured using a device made 
of laminated strips of lead alternating with 
paper spacers in a holder 15 cm long with a 
film packet placed at the end. The first 
exposure was followed by a second with the 
lamination direction rotated through 90°. 
The effective focal spot size was 2.5 X3.0 
mm on the film. 

Dose profile measurements for the brems- 
strahlung beam were made at I00 cm 
target-to-surface distance for a 10X10 cm 
field and a 25X25 cm field. In separate 
measurements, lithium borate thermolumi- 
nescent dosimeters and later a low sensi- 
tivity nonscreen radiographic film were 
sandwiched between pieces of plexiglass 
o.§ cm thick. Film density measurements 
were corrected using the characteristic 
curve for the film for ®Co radiation. The 


1 Department of Radiological Sciences, University of Oklahoma Health Sciences Center, Oklahoma City, Oklahoma 73190. 


2 Present address: St. Francis Hospital, Tulsa, Oklahoma 74136. 
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measurements both showed a narrow pen- 
umbra region at the field edges with the 
dose falling from g0% to 10% of the central 
axis value within 1 cm of lateral distance. 
A tail on the dose profile extended laterally 
from the field edge with relative dose less 
than 2% of the centrat axis value at 4 cm 
lateral distance. Since the transmission of 
the 7.6 cm lead collimator blocks was less 
than 1%, the tail must be partially at- 
tributed to scatter from the collimator 
block faces. 

Since no flattening filter was used, the 
dose profile was noticeably forward peaked. 
At central axis and laterally to within 1 cm 
of the field edge, the dose was well de- 
scribed by the form 


D(x) = D(o) exp (—ax?). 
The variable x is defined here as the radial 


distance in centimeters from the central 
axis at the usual treatment distance. The 
coeficient a is the peaking parameter. A 
least square fit of the 2.5 MV data to this 
function gave the value 


yD = (6.5 E m gaot 


This is substantially larger than the peak- 
ing parameter for our °Co teletherapy 
machine obtained in a similar manner at 
8o cm without trimmers. For that machine, 


aco = (5.0 + 0.6)10™. 


The effects of the forward peaking on the 
isodose curves are discussed later. 
Determination of the depth necessary 
for electron buildup was accomplished 
using thermoluminescent dosimeters made 
of lithium borate imbedded in teflon. The 
dosimeters were 10.0 mm in diameter and 
only o.1 mm thick. They were placed in a 
phantom consisting of plexiglass sheets of 
r.c mm thickness. The arrangement for 
irradiation was such that no two dosimeters 
overlapped. Irradiation at 2.5 MV and 100 
cm distance with a 10X10 cm field was 
chesen. The dosimeter response showed a 
maximum at a depth of 3.8+0.1 mm. Un- 
der the assumption that the depth of the 
dose maximum is proportional to electron 
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range in the medium, a value of 4.4+0.1 
mm was calculated for the buildup depth in 
water [2]. 

Dose versus depth data were taken with 
a computer controlled system (Artonix, 
Inc., St. Louis, Missouri). A pair of ioniza- 
tion chambers 0.5 cm in diameter and 1.5 
cm in length with tissue-equivalent walls 
were used. The chambers used meet the 
recommended standards of the ICRU [3]. 
Mounting rods were made of teflon. One 
chamber served as the beam intensity 
monitor and was located at the periphery 
of the field. The other chamber served as 
the underwater probe and was moved 
about in a plexiglass water tank with a 
surface area of 52X53 cm and a depth of 
ço cm. This volume was sufficient to allow 
ample peripheral water even for our largest 
field (20 X 20 cm) and deepest measurement 
(28 cm). The water temperature was 21° C 
(density =0.998 g/cm’). 

Two shielded preamplifiers were used to 
drive the chamber signals to the electrome- 
ter located outside of the radiation room. 
Data points were taken as the ratio of the 
response of the underwater probe to that of 
the monitor probe to minimize the effects of 
fluctuating exposure rates. With the auto- 
mated scan several minutes were required 
to acquire a full set of data for a given field. 
The true probe depths (controlled re- 
motely) were found to be within 1.5 mm 
of the desired depths in all situations. The 
target-to-surface distance for the irradi- 
ations was determined to be 100.0+0.5 cm. 

The effects of scattered radiation on the 
preamplifiers and cables were tested by 
placing the movable probe near the bottom 
of the tank and outside the field limits for a 
15X15 cm field. The response was small 
but measurable with the beam on. A similar 
reading taken with a thick cylindrical lead 
cap over the chamber was reduced sub- 
stantially. This indicated that the pre- 
amplifier and cable response due to scat- 
tered radiation was very small. The magni- 
tude of the preamplifier and cable response 
during operation is estimated to be less 
than 1% of central axis values at com- 
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DEPTH (cm) 


Fic. 1.—Central axis percentage depth doses calculated from functional fit. Radius of data points indicates 


standard deviation. 


parable depths for moderate field size and 
depth. 

As an overall check on the experimental 
technique, several runs were made at 2.0 
MV. The central axis percentage depth 
dose data obtained were similar to values 
in standard compilations [4]. The magni- 
tude of the deviations between our raw 
values and the accepted values was 1.4% of 
the local dose for depths between 1 and 20 
cm for a 10X10 cm field. 

The data runs at 2.5 MV were then 
made. A total of 40 separate and complete 
isodose curves were obtained with 1,440 
individual measurements for central axis 
response ratios. The standard deviations 
for the central axis values for a single field 
and depth were less than 1% on the 
average. 


RESULTS 


The ion chamber response ratios ob- 


tained at the central axis were averaged at 
each depth for each field size investigated 
and normalized to 100.0% at the depth of 
0.45 cm to produce the percentage depth 
dose values P(d). 

To minimize subjective errors, a regres- 
sion analysis technique was used to gener- 
ate smooth curves from the data. When 
such an analysis is performed with a com- 
puter, a quantitative measure of the preci- 
sion of the fit can easily be calculated as 
part of the program. A similar measure of 
the precision of the fit has rarely been given 
when curves are drawn by hand through 
raw data points. 

In this case, the values were fit by com- 
puter to a smooth curve with the form 





d 
Pig) = 100 ( 


m 


akh 
=<) exp [—y(d — m)], 


where d is the depth in water, m is the 
depth of the maximum dose, and a, 8, and 
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Fro. 2.—Isodose curves for 12X12 cm and 6X6 cm fields. Solid lines indicate shapes measured for 2.5 MV 


beam. Dashed curves indicate shapes for beam from 


6Co machine at 80 cm without trimmers. Details in 


edge-of-field effects masked on these curves because ionization chamber used in measurement had 0.5 cm 


diameter. 


y are constants determined by the com- 
puter analysis for each field. 

Scattered radiation in the field at central 
axis is known to be a function of the area- 
perimeter ratio [5-7] defined as (4/P)a= 
field area at deph d/field perimeter at 
depth d. Because of this, the values of a, B, 
and y were fit by computer to a power series 
in 4/P so that all field sizes could be repre- 
sented. Using the results of this procedure, 
the final percentage depth dose values, 
defined as Pld, (4/P) mn], are calculable for 
all depths and fields. Values of this percent- 
age depth dose are tabulated in table 1 for 
common square fields. It should be noted 
that the depth dose values for the oXo cm 
field in table 1 are the result of extrapola- 
tion to 4/P=o of measurements for sev- 
eral small fields. 

To check the analysis technique, the 
calculated values taken from the table were 


compared with the data for each field. The 
precision of the fit was indicated by the 
average magnitude of the difference be- 
tween these quantities. For our data the 
average deviation was only 0.8% of the 
local values, and the largest deviation was 
1.5% of the local value. Thus the fitting 
procedure was adequate for the data 
obtained. 

Figure 1 shows two of the continuous 
central axis percentage depth dose curves 
plotted from the calculated points in table 
I and from the function. The experimental 
data points are also given on the figure for 
comparison. The functional form and fitting 
technique is shown to be adequate. 

Table 2 contains the values of the central 
axis tissue-air ratios for the 2.5 MV beam. 
These numbers were calculated from the 
smooth curves for percentage depth dose. 
For this calculation, the following expres- 
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TABLE 1 


PeRcENTAGE Deptu Doses at 2.5 MV 


SSS aa uu 


FIELD (CM) AND BACKSCATTER FACTOR 


oxo 4X4 5X5 6X6 

DEPTH (Cm) 1.000 1.025 1.028 1:031 
a E 100.0 100.0 100.0 100.0 
el: eee 96.0 97.1 97.4 97.7 
s TE = re 89.7 90.8 91.6 92.3 
ae 82.4 84.5 85.6 86.6 
7 R s ee Te 78.4 rl 80.8 
AE e E 68.5 79.8 74.0 75% 
O Diet trans 62.8 67.1 68.7 70.0 
TO tin eae ye 62.0 63.6 65.0 
ee ee: $7.2 58.9 60.3 
PHD N 47.8 52.8 54.4 55.9 
e o OEA 43:43 48.6 50.3 51.8 
2: ae 39.5 44.8 46.5 48.0 
' o E a AS 36.0 at. 42.9 44.4 
+ Po rd eae 32.8 38.1 39.6 41.1 
i P o ORO 29.8 35.I 36.6 38.0 
ENE E 27.2 9254 33.8 46.3 
i o a PEPEE 24.8 20:9 34.4 43.8 
i Ss re a e saw 28.7 30.0 
ve ee 20.6 25.2 26.5 ig i 
DG Mace sia das 18.8 23.2 24.4 25.6 
oia E < EN i9.1 91.3 $3.5 23.6 
J: ee 15.6 19.6 20.8 21.8 
1 DE > ee 14.3 18.0 fg. I 20.1 
> i E e a ee 13.0 16.6 7.6 18.6 
LN < PE 11.8 Le. 16.2 7.2 
e AA e ea 10.8 14.0 15.0 15.8 


NoTE.—100 cm. target-to-surface distance. 


sion was used [8]: 
Tid, (4/P)a] = 


TSD + AN? Pld, (4/P)m] 
Ga BI(4/P)n]} 100 p 


In this equation the tissue-air ratio (T) is 
a function of depth d and the area perim- 
eter ratio at that depth, (4/P)a. The 
symbol TSD denotes the target-to-surface 
distance (100 cm), and m is the depth of 
the maximum dose. Note that the relation- 
ship between the area—perimeter ratios is 


I0oo + c) 
100 + m l 


(4/P)4 = A Pia ( 


The backscatter factors B[(4/P)„] were 
measured with the chamber described 
previously. 


8X8 IOX IO 12X12 ISXI15 20X 20 
1.036 I .O4I 1.045 I.OŞI 1.059 
100.0 100.0 100.0 100.0 100.0 
98.1 98.4 98.6 98.7 98.8 
93.4 94-1 94.6 95.1 95.4 
88.1 89.2 00.0 a 90.9 91.5 
82.8 84.1 85.2 86.1 87.2 
yi 79.1 80.3 S18 82.8 
72.4 74.1 75.5 76.8 78.4 
67.5 69.4 70.8 72,3 74.1 
62.9 64.8 66.3 67.9 70.0 
58.5 60.5 62.1 63.9 65.9 
54.4 56.4 58.0 59.7 62.0 
50.6 52.6 v4.2 55.9 A 
46.9 48.9 50.6 50:3 54.8 
43.6 45.5 47.2 48.9 51.5 
40.4 42.4 44.0 45.7 48.3 
37-5 39-4 40.9 42.7 45.3 
34.8 36.6 38.1 39.9 Po 
32.2 34.0 35-5 37.2 39.8 
29.8 34.6 33.0 kY Pe YEE 
27.7 29.3 39.7 32.4 34-9 
25.6 27.2 28.6 30.2 32.6 
Fe AA 26.6 28.1 30.5 
22.0 23.5 4 26.2 28.6 
20.3 21.8 23.0 24.4 26.7 
18.8 26.9 si P. 7 a My, 20,0 
17.4 18.7 19.8 | ge ee | 


The results in tables 1 and 2 can be com- 
pared with the published results for 2.0 
MV beams [4] and Co beams at 100 cm. 
Central axis percentage depth dose values 
at 2.5 MV are generally from 1% to 5% 
larger than those for 2.0 MV beams for 
most fields at substantial depths. How- 
ever, the 2.5 MV percentage depth dose 
values generally are not as large as values 
for °°Co beams at 100 cm distances. 

Figure 2 shows isodose curves obtained 
for a 6X6 cm field and a 12X12 cm field. 
As expected, the ®Co curves show consid- 
erably more penumbra than the 2.5 MV 
curves. However, the 2.5 MV isodose lines 
show more forward peaking than the ®Co 
lines. As depth increases, the effects of 
penumbra and forward peaking become 
more difficult to distinguish, and compa- 
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TABLE 2 
TissuE-Arr Ratios at 2.5 MV 














Dertu (Cm) oxo 4X4 5X5 6X6 
E ee I . OOO 3.028 1.028 1.031 
1.0 0.971 1.005 1.012 1.017 
eee 0.925 0.958 0.970 0.979 
s oe 0.866 0.908 0.923 0.935 
PTA- ere 0.805 0.858 0.875 0.889 
5.0 0.748 0.808 0.827 0.843 
BOs shut du 0.699 0.760 0.780 0.797 
fee 0. 648 0.714 0.738 0.763 
oe 0.603 0.670 0.691 0.710 
ee 0.563 0.629 0.650 0.669 
(ke 0.519 0.589 0.610 0.629 
+) ere 0.482 0.551 o.$72 O. 59I 

TOM P 0.448 0.516 öt 0.555 
Se 0.415 0.483 0.503 0.521 
‘PA errr 0.383 0.451 0.471 0.489 
EA Serre 0.357 0.422 0.441 0.459 
ig eer 0.331 ©. 394 0.412 0.430 
iy i er ©. 307 0. 368 0. 386 0.402 
A ree 0.284 0.343 0. 360 5:379 
E ET 0.264 0.320 0.4337 0.383 
Se ee 0.244 0.299 6.315 ©. 330 
AE, OPE 0.226 0.278 0.294 ©. 308 
UE 5h iy 2h 0.209 0.259 0.274 0.288 
OF E etc 0.195 0.242 0.256 0.269 
oV ON EREE 0.180 0.225 0.239 6.25% 
Oe a eer 0.167 0.210 0.223 0.235 


rable isodose lines from the two sources 
have similar curvature. 
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METHODS 


General Methods 


A Two-Energy Densitometry Method for Measuring Bone Mineral Concentrations and Bone 
Densities In-Vitro and In-Vivo. Juergen Rassow (Institut fur Medizinische Strahlenphysik und 
Strahlenbiologie, Hufelandstr. 55, D 4300 Essen 1, West-Germany) 


Our absorptiometric method!? is used to deter- 
mine both mineral and tissue concentrations. The 
results are given as attenuation equivalents of a bone 
reference standard according to Reiss/Siemens con- 
sisting of four steps of different concentrations of 
hydroxy apatite (ha) in epoxy resin (p,=1.169 
g/cm). 

Measurements were made with a macerated cal- 
caneus which had been embedded in epoxy resin by 
Heuck and used for an international comparison of 
mineral content measuring procedures. Figure 1 
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Fic. 1.—Dependence of cm on the bone reference system used 
and on the site. 


shows that the ha-mineral concentrations (cm) 
varied strongly with positions. The absolute values, 
not the relative course, depended on the composition 
of the reference standard. The sites we used for 
in-vivo measurements are situated in the most uni- 
form regions of the calcaneus. The connective tissue 
concentration (Ce) at any site was largely comple- 
mentary to the ha-concentration. Therefore the bone 
density (9p=Cm+cet) varied only slightly. Filling of 
the macerated bone with paraffin as fat substitute 
instead of epoxy resin reduced the results for the 
Cm greatly. 

We measured two location on each calcaneous and 
averaged the four values on subjects in vivo. 

The cm (Fig. 2) and the p increased significantly 
with age in healthy children (n=76) up to 15 years. 
No age dependence was seen from 18 to $4 years(70 
male and 50 female healthy adults). The standard 
deviation in adults was 12% for Cm and 14% for p. 
The mean for all adults was ĉm=198 mg/cm? (with 
Reiss/Siemens bone reference system) with a 17% 
standard deviation. The low absolute bone density 
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Fic, 2.—Dependence of cm on the age of healthy children. 


values for in-vivo measurements are a consequence 
of an erroneous bone reference system, chiefly the 
connective tissue substitute. A noticeably higher 
mean value (€é,= 217 mg/cm?) was found for athletes 
compared with less active individuals. 

Follow-up measurements with several children 
having chronic renal disease showed a good correla- 
tion of the relative change of the cm and p with the 
clinical course. The absolute value for the cm was 
lower than the mean for healthy children of the same 
age (e.g. 50-100 compared to 140 mg/cm’), while 
the p is slightly increased. A 68-year-old patient with 
symptoms of osteoporosis showed reduced bone 
values Cm and a higher p too. Twelve nursing mothers, 
g days after giving birth, had a significantly lower 
Cm (151 versus 198 mg/cm‘). The p was increased 
(1,141 versus 1,010 mg/cm’). 

I thank Miss I. Klaskala, Dr. W. Bachmann, Prof. 
Dr. H. Olbing, Dr. H. G. Wolf, and Prof. Dr. H. 
Ludwig. Supported by The Deutsche Forschungsge- 
meinschaft. 
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Concurrent X-Ray Photodensitometric and Gamma-Ray Absorptiometric Measurements of Bone 
Mineral in the Radius in Patients. H. E. Meema, D. R. Taves, D. G. Oreopoulos (Departments 
of Radiology and Medicine, The Toronto Western Hospital, and Department of Toxicology and 
Pharmacology, University of Rochester, Rochester, New York) 


X-ray photodensitometric? and gamma ray ab- 
sorptiometric® measurements of bone mineral in the 
radius were made indepenelently but concurrently 
by two investigators in 52 patients suffering from 
chronic renal failure. The sites and units of measure- 
ments in the radius were different; the x-ray method 
determining bone mineral mass of a longitudinal 
scan in g/cm?, and the gamma ray method measuring 
it along a transverse scan in g/cm. However, moder- 
ately good correlations were found between the two 
techniques (for gamma ray diaphyseal site r=o.61, 
p<o ool; for epiphyseal site r=0.68, p <0.001). 

Direct radiogrammetric measurements of the 
combined cortical thickness (C) and the external 
bone width (W) at the site of photodensitometric 
measurements permitted calculations of the bone 
mineral mass per unit length (M2 in g/cm) using the 
following equation: Me=o0.785 M,(2W-C), where 
Mı ts the photodensitometrically measured bone 
mineral mass (in g/cm?). This conversion improved 
the correlation between the two techniques consider- 
ably (for diaphyseal site r=o.78, for epiphyseal site 
r=o-79). The correlation for gamma ray absorp- 
tiometry between the two sites was only slightly 
higher (r=0.84, p<0.001). 

The correlations between the different measuring 


sites in the radius are of similar order as those re- 
ported recently between radial photodensitometry 
and in vivo neutron activation analysis of partial- 
body calcium content in a heterogenous group of 
patients! (r=0.76, p<o.o!). 

Supported by the Medical Research Council of 
Canada, grants MA 3889 and MA 4142, and by U.S. 
Public Health Service grant no. A.M. 11992. 
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Experiences with the X-ray Bone Scanner, Developed in Bonn. M. Gebhardt, K. D. Hermanutz 
(Mineralogisch-Petrologisches Institut und Museum der Universität Bonn, Poppelsdorfer Schloss, 


D-5300 Bonn, West Germany) 


The dual photon technique using x-ray generators 
and monochromators was discontinued, because in 
practical use with patients the adjustment of the two 
monochromators was too critical. Now we use a 
single-photon technique and make scans of the 
finger in two perpendicular directions. The thickness 
of the soft tissue and all intensity values of the scans 
were evaluated by a computer (IBM 370/90). 

The essential results are: a) the largeness of 
compacta and spongiosa ellipses (x- and y-axis); b) 


the shifting of spongiosa ellipse relative to the com- 
pacta ellipse; c) the linear absorption coefficient (yu) 
of compacta, spongiosa and bone; d) the apatite 
content (mg/cm*) of compacta, spongiosa and bone; 
e) the remaining volume (that means the volume 
which does not consist of apatite) in compacta, 
spongiosa and bone. 

Results were obtained on 100 normal persons and 
60 osteoporotic patients. 


An Electronic Device for Direct Readout of Bone Mineral Content from Roentgenograms Sca nned 
with a Microphotodensitometer. K. R. Wing, E. Birring (Department of Oral Roentgenology and 
Biophysics Laboratory, University of Umea School of Dentistry, Umea, Sweden) 


We have developed a method for measuring bone 
mineral content (BMC) from the alveolar crest of 
the maxilla and the second phalanx of the middle 
finger of the nondominant hand. We use a conven- 
tional dental x-ray apparatus (50 kVp, total filtra- 
tion increased to about 4 mm Al) and fine-grained, 
no-screen film to make periodically ‘“‘identical’’ 
roentgenograms at these sites. The films are analyzed 


in a Joyce-Loebl Mark III microphotodensitometer. 

The method was basically described by Colbert.!? 
Since we do not have the on-line computer facilities 
for the Colbert method, we must estimate contri- 
butions to the film density from the film base, fog, 
and scattered radiation. We have eliminated the 
soft tissue contribution by using an even thickness 
of soft tissue equivalent, and we have designed and 
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built a simple inexpensive instrument for translation 
and integration of the film density readings from the 
microdensitometer to BMC. 

Translation of film density to BMC involves five 
steps. First, the background film density (D»)due to 
film base fog and scattered radiation (assumed to 
be evenly distributed over the film) must be sub- 
tracted from the measured film density (D). The 
corrected film density (D— D») is almost directly 
proportional to the exposure if this density does not 
exceed 20% of the maximum corrected density of 
the film (for direct film, between Do and Do»): 
D—D,=K-X. Second, taking the logarithm of both 
sides of the above equation does not affect this direct 
relationship: log (D—D,) =log K+log X. Log X is 
in turn directly proportional to the attenuation co- 
efficient: log X=log Xo*—yd, where log Xo* is the 
exposure through the soft tissue layer. Third, by 
subtracting the logarithm of the corrected film 
density from a constant log K and a measured 
quantity log Xo*, we obtain 


ud =log K+log Xo*—log (D—D,), 


where log K+log Xo*=log (Do*— D») and Do*=soft 
tissue density. Fourth, the ud must be related to that 
of a reference in order to obtain the d of bone mineral. 
And, finally, these values must be integrated over 
one or more scans. 

In order to estimate D», we placed a lead cylinder 
approximately I mm in diameter in a hole through 
the plastic plate closest to the x-ray source. The radi- 
ation producing the image of the lead is assumed to 
contain little primary radiation but nearly all of the 
scattered radiation from the surrounding material 
and the film density there should be close to Dp. The 
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first step in our electronic device subtracts a voltage 
proportional to D, and gives a zero density reading 
at this spot on the film. The second step is a log- 
arithmic amplifier which is adjusted to maximum 
input—maximum output while the image of the soft 
tissue is being viewed. At maximum output of this 
amplifier, the final output voltage of the next stage is 
zero due to its subtractién from a constant voltage 
representing log K+log Xo*. In the last amplifier 
stage the output is adjusted to a reference value 
while the reference object is being viewed. Finally, 
the signal is applied to a voltage/frequency con- 
verter, the pulses (100 Hz-100 kHz) from which are 
gated to o~2 decade divider and then to a 5-decade 
counter. A clock signal of 1 kHz is gated simulta- 
neously toa second 5-decade counter as a measure of 
scan length. The results are displayed on 5 LEDs. 
Gating may be done mechanically or triggered elec- 
tronically at a given bone mineral value. There are 
unavoidable systematic errors in this system due to 
hardening of the radiation and to the assumptions 
of even distribution of the scattered radiation and 
linearity of the film exposure curve. Fortunately 
these errors are not all in the same direction. 
Simplified schematics are available on request. 
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The Relationships between Bending Stiffness, Mineral Content, Geometry, and Strength of the 
Human Ulna. A. S. Foltz, D. J. Rolnick, J. M. Jurist (Division of Orthopedic Surgery, University 
of Wisconsin Medical Center, Madison, Wisconsin 53706) 


Our laboratory is studying relationships between 
ulnar resonant frequency, mineral content, and 
geometry as a function of the severity of osteoporosis 
Since methods are being developed to non-invasively 
estimate the bending stiffness of long bones from 
measurements of driving-point mechanical im- 
pedance,*® resonant frequency,!* or response to a 
transient impulse,” we studied the predictability of 
ulnar strength from measurements of bending stiff- 
ness, mineral content, and geometry. 

Forty-five randomly selected, embalmed ulnae 
were obtained. The length of each ulna was measured 
from the tip of the styloid to the olecranon. The 
standard measurement site was § of the ulnar length 
proximal to the styloid. Depth (in the anteroposte- 
rior direction) was measured with a vernier caliper. 
Width (in the mediolateral direction) and bone 
mineral content (BMC) were determined by direct 
monoenergetic photon absorptiometry.® 

Individual load-deflection curves were recorded 


with a modified Comten Industries materials tester. 
Each ulna was tested in bending at the standard site 
by three-point loading over a 4 inch span with the 
posterior surface under tension. The deflection rate 
was 4 inches per minute. The average slope of the 
load-deflection curve was computed between 10% 
and 50% of the yielding load to determine bending 
stiffness. The load and deflection at failure were also 
recorded. 

Regressions between the various parameters of 
interest were obtained in order to develop least- 
squares power series regression line for each pair of 
significantly associated parameters. Each pair-wise 
combination of the following parameters was tested: 
BMC, width, depth, cross-sectional area calculated 
from width and depth assuming an elliptical section, 
length, the ratios of BMC to width, depth, and cross- 
sectional area, load and deflection at failure, and 
bending stiffness. 

Highly significant associations between the load 
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at failure and the bending stiffness (r=0.958) and 
between load at failure and BMC (r=o0.947) were 
found. The associations between load at failure and 
the geometrical measurements were somewhat lower 
butstill significant: r=0.637, 0.697, 0.743, and 0.754 
for length, width, depth, and cross-sectional area, 
respectively. The deflection of the ulna at failure was 
not significantly associated with the geometrical 
measurements. The deflection at failure was corre- 
lated weakly with BMC (p<o.1). The association 
between deflection at failure and bending stiffness 
was somewhat stronger with a correlation coefficient 
of 0.416 (p<o.or). 

This implies that stiffer bones deflect more before 
they fail than less rigid bones. As expected, the 
associations of BMC with bone size were all highly 
significant with correlation coefficients of 0.693, 
0.756, 0.830, and 0.832 for length, width, depth, and 
cross-sectional area, respectively. 

The best predictors of load at failure were bending 
stifness and BMC. We attempted to improve the 
strength estimate by multiple power series regression 
analysis with the remaining parameters. The resid- 
uals of the regression of strength on stiffness had the 
highest correlation with width (r=o.310). Accord- 
ingly, a multiple power series regression equation 
was developed relating load at failure to both bend- 
ing stiffness and bone width. The r between ob- 
served breaking strength and that estimated from 
stiffmess and width together was 0.962. The corre- 
sponding standard error of estimate (SEE) was 37 
pounds or 11% of the mean strength. Residuals of 
the regression of strength on BMC did not correlate 
significantly with any of the other parameters. 
Strength estimated by BMC yielded a SEE of 44 
pounds or 13%. 

The prediction ability of geometrical measure- 
ments alone was lower than that of the stiffness or 
BMC measurements. The highest association be- 
tween load at failure and a geometrical factor was 
with cross-sectional area: r=0.754 and SEE=go 
pounds or 27%. Residuals of the regression of 
strength on cross-sectional area did not correlate 
significantly with the remaining geometrical parame- 
ters. Residuals of strength on stiffness were not sig- 
nifieantly correlated with BMC. This suggests that 
stifness and BMC determinations are essentially 
equivalent over the range of values obtained for 
intact bones. 

Although these findings are valid for intact bones 
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only, the implications are clear. Noninvasive meth- 
ods of estimating bone stiffness from dynamic mea- 
surements are justified because of the high correla- 
tion between strength and stiffness. Furthermore, 
BMC is justified as a noninvasive index of intact 
bone strength although the utility of BMC in esti- 
mating strength of healing fractures or abnormal 
bone (Paget’s disease, fluorosis, osteopetrosis, and 
avascular necrosis) has not been established.®: 71° 
Finally, estimates of bone strength based on the 
geometrical factors described in the report are of 
limited value. 

Supported by NIH grants AM-16514 and AM- 
17804. 
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Bone Mineral Distribution in the Immediate Vicinity of Implants. P. Riiegsegger, T. Hinderling 
(Institut fur biomedizinische Technik der Universitat und der ETH Zürich, Moussonstr. 18, CH- 


8044, Zurich, Switzerland) 


Post operative complications after implantations 
of artificial joint endoprostheses are still a serious 
problem. Long term studies on patients with total 
hip joint replacements indicate that the major cause 
for these complications is a loosening of the implant. 
For an early detection and a study of the processes 
leading to them we need detailed information on the 
bone mineral distribution in the immediate vicinity 
of the prostheses. Computerized transaxial] tomog- 
raphy. seems to lend itself as a suitable tool for such 
investigations. However it can not be applied with- 
out modifications. As the linear absorption coefh- 


cient for steel at 30 keV is more than one hundred 
times higher than that for spongy bone the con- 
ventionally reconstructed cross sectional images are 
spoiled by artefacts which render a quantitative 
description of the bone material of interest imposs! 
ble. A self consistent interpolgtion procedure has 
been developed to overcome the effects of the exces- 
sive photon absorption by the implant. Results ob- 
tained from computer simulations, model studies, 
and implanted endoprostheses show that the method 
promises to be a useful tool in orthopedics. 


A New Detector for Absorptiometric Measurement. R. E. Zimmerman, R. C. Lanza, T. Tanaka, 
G. G. Bolon, H. J. Griffiths, P. F. Judy (Department of Radiology, Harvard Medical School, 


Boston, Massachusetts 0211 5) 


Photon absorptiometry is the preferred technique 
for rapid, accurate, and precise determinations of 
bone mineral content (BMC). The usual system has 
a point source and sodium iodide detector with nar- 
row beam collimation which is scanned across a 
peripheral bone, usually the forearm.! The precision 
is determined by the source strength and photon 
detector efficiency,’ but experience has shown that 
in vivo measurements consistently give lower pre- 
cision than measurements on inanimate objects. We 
attribute this to repositioning errors and patient 
movement during measurement. There is a clinical 
demand for high precision in order to quickly measure 
changes of BMC with various diseases and therapies. 
To improve precision we are developing an area 
detector which counts at high rates (30X 10°CPS) 
to provide rapid determination of BMC using a high 
intensity source and fan beam geometry, i.e., a slit 
collimator on the source and detector. 

The prototype area detector is a sealed, one- 
dimensional, gas-filled, multiwire proportional coun- 
ter 30 cm X6.4 cm X2.5 cm with the wires running 
the length of the chamber. Wire spacing is 2 mm. 
The filling gas was Ar— CO; or Kr— CO: at atmo- 
spheric pressure. Each of 32 active wires are con- 
nected to an amplifier, discriminator, and scaler. 
Very high count rates are obtained because of the 
parallel w re readout. An on-line computer reads each 
scaler contents after the measurement, performs a 
normalization, and computes the BMC. The source 
was }], unfiltered, with a slit collimator 0.78 mm 
wide placed 47.5 cm from the central plane of the 
chamber. The measured object was placed in a water 
bath 6 mm above the entrance window of the chamber. 

A calibration study was performed using an 
aluminum step wedge 1.59 cm wide with I mm steps 
covering the nominal range from I mm to 20 mm. 
The results are shown in Figure 1 for both argon 


and krypton. The corrected curves were obtained 
with a deconvolution formula which adjusted for the 
spatial resolution of the chamber. 

The uncorrected curves shown in [igure 1 indi- 
cated that for small amounts of BMC, the system is 
linear. However, for large amounts of absorber, the 
curve shows no change with increasing amounts. The 
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Fic. 1.—Beam attenuation versus the amount of aluminum for 
the argon and krypton filled detectors. The effects of chamber 
resolution are removed in the corrected curves. 
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Fic. 2.—Line spread function for the krypton filled chamber. 


two most significant reasons for this are system 
spatial resolution and spectral hardening. The cor- 
rected curves show the result of deconvolution to 
adjust for spatial resolution limitations. The effects 
af beam hardening? are being evaluated. 

Resolution was measured by calculating the line 
spread function from the edge response function. 
The edge response function was obtained by placing 
a thin lead edge in the beam and moving the edge 
in O.I mm increments. The derivative was the line 
spread function, shown in Figure 2, for the chamber 
filled with krypton. The line spread function for the 
argon filling was similar but was somewhat broad- 
ened. 
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The resolution was not determined by the wre 
spacing but primarily by the range of the photo- 
electron. In argon at 1 atmosphere, the range is 3.0 
mm and in krypton the range is 1.6 mm. The Ime 
spread function (Fig. 2) for the krypton-filled cham- 
ber showed resolution consistent with the wire 
spacing and electron range. Resolution with argon 
was better than expected from simple electror. rarge 
considerations because of a significant amount of 
conversion in the front and back windows of the 
chamber which accounts for as much as 65% of the 
detected photons. Further studies are in progress to 
quantify the resolution with various gas fillings. 

The calculated efficiency of the argon and krypton 
filled chamber was 1.0% and 14.3%. This compared 
with measured values of 3% and 11%. The value “or 
argon was high because of the conversion process 
described above. 

The in-vivo precision of the system should be 
limited by the time to produce an image of the 
BMC. This cannot be adequately measured on this 
prototype. Improved design will permit measurement 
along the length of the arm and formation of a BMC 
image which will give high precision. A computed 
tomographic section could be determined by rotating 
the source-chamber. 
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Bone Imaging Using a Gadolinium-153 Source and a Xenon-filled Multiwire Proportional Counter 
as Detector. A. Horsman, D. H. Reading, J. Connolly, W. Glasgow, M. S. F. McLachlan (M. R.C. 
Mineral Metabolism Unit, Leeds General Infirmary, Leeds, England) 


An important factor limiting the precision of bone 
mineral content (BMC) measured in vivo by photon 
absorptiometry is the difficulty in identifying the 
measurement site from external landmarks. This 
problem would be reduced if BMC could be mea- 
sared over an area sufficiently large for the bone out- 
Ime to be delineated. Two-dimensional images of 
bones have been constructed by computer processing 
the results of rectilinear transmission scans.? How- 
ever, rectilimear scanning is inefficient, and the in- 
creased measurement time increases the probability 
of patient movement. A large area detector such as 
the multiwire proportional counter (or multiwire 


chamber)? is desirable and we have done preliminary 
testing. 

The chamber has an active diameter of about 20 
cm, and is filled with xenon gas containing 30% iso- 
butane at atmospheric pressure. It contains three 
planes of wires (Fig. 1), the central plane forming 
the anode. The outer planes (cathodes, or “indac- 
tion planes”) are used to locate events within the 
chamber. The wire spacing is 2 mm in all three 
planes. When an x-ray photon interacts with a 
xenon atom, the ionization trail produced by the 
photo-electron is accelerated towards the anode (the 
anode potential is approximately 5 kV) and an 
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Fic. 1.—Schematic diagram of the multiwire chamber. 


avalanche is produced on one of the wires. The 
avalanche causes pulses to be induced in the induc- 
tion plane wires which are coupled into two delay 
lines, one for each induction plane. The x-y coordi- 
nates of the avalanche are converted by the delay 
lines into two time intervals (measured with respect 
to the anode signal). The coordinates are recovered 
from the time intervals by time to digital converters 
and transferred to a PDP-11 computer with disc 
store and color TV monitor. 

The binding energy of the K shell electrons in 
xenon is about 35 keV. Thus photoelectrons with 
low kinetic energy can be produced by photons in the 
energy band suitable for the examination of the 
limbs. The energy of the photoelectrons critically 
determines their range and thus the spatial resolu- 
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Fic. 2a.—Baseline exposure to a #3Gd source. The image con- 
tains 10’ counts. There is no object in path of the beam. 





tion of the chamber. !%Gd, which emits 42 keV x-rays 
with a half-life of 242 days, is a suitable source, and 
causes photoelectrons to be emitted from the K shell 
with an initial kinetic energy of about 7 keV and a 
range of less than 0.5 mm.? 

Fig. 2a shows a “baseline” exposure containing 107 
events reconstructed by the PDP-11. The picture 1s 
non-uniform due to the varying sensitivity of the 
chamber over the image area and to the inverse 
square law effect. Fig. 2b shows the effect of inserting 
the proximal end of a femur in the beam. In Fig. 2c, 
the log of the ratio of the counts in the baseline and 
object pictures is displayed. Cursors can be super- 
imposed on the display in order to define the region 
over which a two dimensional summation of the log- 
ratio is to be performed. The resulting sum should be 





2b.—Effect of inserting the proximal end of a femur in the 
beam. The image contains 10’ counts. 
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2c.—Femur mage extracted from a) and b) by evaluating and 
displaying the logarithm of the ratio of the counts in each image 
cell. 


proportional to the mass of absorbing material 
within the area defined by the cursors. 

Twenty clean, dry 4 cm long sections from the 
shafts of five femora were exposed in pairs in contact 
with the chamber window to a 0.5 mCi!%Gd source 
until 108 counts had been accumulated. Each ex- 
posure took approximately 6 minutes. From the 
baseline and object images, the log-ratio image was 
constructed and, using the cursors, the sum of all 
the log-ratio values of each image cell within the 
object, Q, was computed. The weights of the sec- 
tians, W, were also determined. The correlation 
coefficient between Q and W is 0.97 (Fig. 3) and the 
standard error of estimate (SE) of W from Q is 0.70 g 
(approximately 4% of the mean specimen weight). 

Twenty-four 4 cm lengths of bone from the shafts 
of eight clean, dry radii were studied in the same way. 
The samples were exposed six at a time. A longer 
exposure (5x 10° counts) was used in order to com- 
pensate for the worsened signal to noise ratio due to 
the smaller specimen mass. The correlation coeffi- 
cient between Q and W was 0.93, and the SE 0.25 g. 
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Fic. 3.—The relationship between the value of the log-ratio 
summated in two dimensions over the image of each specimen, Q, 
and the weight, W of 20 sections from the shafts of five femora. 
The cross marks the range of the data on 24 similar sections from 
the shafts of eight radii. The regression line is shown only for the 
femur data. 


The range of the radius data is shown in Figure 3. 

The xenon-filled multiwire chamber shows prom- 
ise as a detector for transmission measurements of 
BMC. It opens up the possibility of accurate mea- 
surement combined with a low resolution image of 
sufficient detail to allow measurement sites to be 
located from the bone outline. 

We acknowledge the active interest and suDport 
of Professor R. Ellis, Head of the Department of 
Medical Physics at Leeds University, in the design, 
construction and applications of the multiwire 
chamber. 
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Bone Densitometry with the Aid of Computerized Transaxial Tomography. U. Elsasser, P. Rueg- 


y . 


segger (Institut fur Biomedizinische Technik der Universitat Zurich und der ETHZ Moussonstr. 


18, CH-8044 Zurich, Switzerland) 


Trabecular bone shows a more rapid change of the 
mineralization than does compact bone,!?:* so a 
method for detection of minute alterations in 


mineralization must allow for separate quantification 
of compact and spongy bone. With the aid of the 
techniques of computerized transaxial tomography 3 
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Fic. 1.—Cross sectional image through the distal metaphysis 
of the forearm of an 18-year-old boy with slightly reduced min- 
eralization. Local linear absorption coefficients are represented 
by 10 different grey levels. 


an image can be reconstructed of the bone cross sec- 
tion on the basis of the local linear absorption coeffi- 
cients. If monoenergetic isotopes are used, these 
coefficients can be determined withesufficient ac- 
curacy to allow for the quantification of the mineral 
distribution. 

The multi-scan photon absorptiometry technique 
developed for determination of compact bone 
density in human long bones! forms the basis of the 
method. The object is linearly scanned with a 
highly collimated beam (!°1) and a Nal scintillation 
detector. The transmitted photons are counted dur- 
ing 128 equal time intervals. The linear scanning 
process is repeated 48 times with the beam rotated 
by 3.75° after each scan. The scanning is effected by 
stepping motors which are computer-controlled to 
assure uniform time and space intervals. One entire 
measurement lasts 5 minutes and the radiation dose 
is less than 5 mrad. 

From the 48 projections the mineral distribution in 
the plane of the scans is calculated by means of a 
convolution algorithm® as is used in brain tomog- 
raphy. The resulting matrix of 128X128 local linear 
absorption coefficients can be visualized in the form 
of a color TV image or a matrix plot (Fig. 1). The 
cross section through the distal region of a human 
forearm is built up from more than 16,000 matrix 
elements or pixels, each of them measuring .58X.58 
mm. The corresponding values for the linear absorp- 
tion coefficients are divided into 10 classes and are 
represented by 10 different grey levels. Whereas 
qualitative visual evaluation of the mineralization 1s 
possible from the image, the computer permits a 
precise quantification of various parameters defining 
the cross sectional geometry, the total mineral con- 
tent, and the compact as well as the spongy bone 
density. 

The validation of the method was carried out in 
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Fic. 2.—Comparison between the spongy bone densities of a 
group of patients suffering from uraemia and a control group. 


three steps: reconstructions from computer-simu- 
lated transmission data, transmission measurements 
of physical models, and measurements of macerated 
bone. The mathematical and physical models simu- 
lated in principle the in-vivo measurements at a 
position in the distal region of the forearm. 

To determine the bone mineral content and the 
cross-sectional area of the bone, the surrounding 
soft tissue is computationally subtracted. Subse- 
quently, concentric rings with a thickness of one 
matrix unit are peeled off beginning at the outer con- 
tour of the bone until a region of purely trabecular 
bone is left. The innermost 50% of the total cross 
section of the bone is identified as spongy bone do- 
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main. The average linear absorption coefficient of 
this area is defined as the mean spongy bone density. 

The model studies indicated that individual dif- 
ferences in the thickness of the compacta and the 
soft tissue at the human forearm did not affect the 
value of the mean linear absorption coefficient for 
spəngiosa by more than 2%. A detailed study of the 
mineral distribution in variĝus sections of the distal 
metaphysis of the radius showed that an appropriate 
site for our in vivo measurements was at 10% of the 
ulna length measured from its distal end. There the 
variation in the sponĝy bone density, due to shifts in 
the measuring site of +1.5 mm was on the order of 
+ 2%. Similar variations were observed on the right 
and left radius of the same patient or when the 
measurement was repeated on a subsequent day. 
Ten determinations of the spongy bone density on 
the same healthy subject over a period of 60 days 
shawed a reproducibility of 1% (s.d.). 

Initial results of a 6 week study on patients suffer- 
ing from uraemia and controls showed a significant 
difference in the mean spongy bone densities and 
also relatively large variance within each group 
(Fig. 2). Longitudinal studies of changes of bone min- 
eralization due to endocrinological and nephrological 
factors as well as immobilization are in progress. 


Supported in part by the Swiss National Science 
Foundation under grant no. 4.140-0-74. 
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Regional and Whole-Body Bone Mineral Content Measurement with a Rectilinear Scanner. 
R. R. Price, J. Wagner, K. Larsen, J. Patton, A. B. Brill (Departments of Radiology and Physics, 
Vanderbilt University Medical Center, Nashville, Tennessee 37232) 


Accurate bone mineral content (BMC) of lumbar 
vertebrae is needed as a measure of demineralization 
in weight-bearing bones in addition to the more rou- 
tinely performed measurements of the extremities. 
For this reason, we used the two photon attenuation 
technique with a modified dual-headed whole-body 
clinical scanner to make rectilinear scans of the 
vertebral column. Others! have shown the feasi- 
bility of the method using profile type scans and 
have demonstrated a precision of 3%-6%. With our 
system, signals from the scanner’s x and y position 
encoders, the single channel analyzer pulses from 
the two photopeaks, a third energy window, and the 
pulses from a high frequency oscillator are monitored 
via CAMAC modules driven by a PDP-9 computer. 
The data are buffered into core and then dumped to 
disk at the end of each line. The recorded oscillator 
pulses make it possible to correct for scanner speed 
instabilities. The third energy window was for study- 
ing the effects of scattered radiation or system dead- 
time characteristics (both sources of error were found 
to be negligible). 

The source/detector system consisted of a 2-Ci 
Gd-rs3 source (obtained from the Isotopes Develop- 
ment Group at Oak Ridge National Laboratory) and 
a 2X4 imch thin window Nal crystal mounted as an 
integral unit with the photomultiplier tube. The 44- 
and 100-Kev lines of Gd-153 have been shown to be 
optimum for the measurement of the vertebral bone 


mineral content.2 The source/detector separation for 
the vertebral measurement is 15-inches with both 
source and detector collimated to 0.63-cm by cylin- 
drical cadmium collimators. Cadmium was chosen 
instead of lead to minimize the production of lead 
x-rays (75-Kev). The vertebral scans are collected in 
64X64 image matrix corresponding to a I.$-mmX 
I.5-mm square spatial element. Scan time for a 10- 
cm segment of the spine is approximately 10-minutes 
and delivers an average radiation dose of <10-mrad 
per scan. 

We first measured the BMC of the ulna and radius. 
Using a 256X16 image matrix corresponding to a 
0.$-mmX1.5-mm spatial element and found a pre- 
cision of 1%-2%. Recently we calibrated our system 
with University of Wisconsin BMC standard. The 
results of patient studies are reported as the mean 
g/cm as measured along a I-inch segment at the 
middle of the forearm. The bone width in each line 
is determined by an edge cut off criterion and then 
carrying out a least squares fit of the edge coordi- 
nates to a second order polynomial, thus imposing 
continuity along the bone edge and allowing a means 
of interpolating between data cell boundaries. It is 
our hypothesis that the mean BMC determined from 
a number of parallel scan lines will be a more stable 
estimator by being less sensitive to repositioning 
errors. 

Rectilinear scanning is most important for the 
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Fic, 1.—Normalized bone mineral content for two volunteers 
(J.W. and R.P.) and reference vertebrae plotted for the T12 to 
Ls region. 


measurement of irregular objects such as the verte- 
bral column. For such irregular objects accurate and 
reproducible repositioning is essential since small 
variations in position result in large changes in the 
BMC. Rectilinear scans allow visualization of the 
vertebrae, thus allowing use of internally recog- 
nizable and relocatable fiducial structures for loca- 
tion. With this technique the linear density (g/cm), 
which presents some difficulty in interpretation 
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when applied to irregular objects, should be re- 
placed by an estimate of the total BMC in the 
sampled region. 

Repeated scans on humans and on a reference 
disarticulated spine, showed precision of the verte- 
bral measurements to be + 5% independent of orien- 
tation. Estimates of BMC were made for six vertebrae 
from our reference spine*placed in a 10 cm scattering 
medium. BMC was highly correlated (r=0.98} with 
the dry weight of the vertebrae, 

Figure 1 shows plots of the BMC of each vertebrae 
in the T12-L4 region of the spwhe for two volunteers 
and the reference spine. The measurements are 
presented as a percent of the L3 vertebrae. For com- 
parison the dry weight of the reference vertebrae 
was plotted normalized in the same manner. We are. 
refining the vertebral scan technique and extending 
it to estimate the total-body BMC. 
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Recent Advances in Skeletal Trans-imaging. A. M. Strash, R. W. Bright (Department of Ra- 
diology, Medical College of Virginia, Richmond, Virginia 23298) 


Trans-imaging as a technique for determining 
bone mineral content (BMC) has been used to 
delineate the progression of bone graft incorporation 
or resorption in dogs over a 3-year period. We were 
concerned with the variation in BMC along the 
length of the graft as well as the temporal changes at 
each position. Recently, trans-imaging was applied 
to the BMC distribution in resected human meta- 
tarsals. A complete profile of BMC distribution along 
the metatarsal was required for 200 specimens. 
The data would then be correlated with the bio- 
mechanical properties of whole bone. These projects 
required BMC over several centimeters of bone 
length. Although a photon absorptiometric bone 
scanning device was available, sequential parallel 
linear scans along the region of interest was pro- 
hibitively time consuming. Trans-imaging, which 
requires the simple adaptation of equipment al- 
ready available in many institutions, rapidly pro- 
vides regional BMC. 

The area of bone to be studied by trans-imaging 
was placed between a source of gamma or x-rays and 
the large surface scintillation detector of a gamma 


camera. The entire bone region of interest was 
“illuminated” by a broad beam of radiation and a 
shadow image of this region was displayed by the 
gamma camera system. Trans-images formed by the 
gamma camera were-stored in a 64 by 64 element 
array by a dedicated computer connected to the 
gamma camera. Each array element is associated 
with the transmitted radiation through a small sec- 
tion of the bone, and a row of matrix elements cor- 
responds to a single traverse of a linear scanning de- 
vice. Thus, for our system, 64 linear parallel scans 
are collected simultaneously. Distance between the 
radiation source and the detector surface was usually 
greater than 3 m with the bone positioned to provide 
a magnified but relatively undistorted image and to 
adjust the spatial resolution of the absorption data. 
Thus, a bone of only a few centimeters in length 
could be magnified to make maximum use of the 64 
by 64 image array. With this geometry and the 
large area of the gamma camera detector, relatively 
small radiation sources could be used. Incident 
radiation intensity was adjusted to the maximum 
count rate of the gamma camera system by varying 
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source to detector distance or by changing or adding 
filters to the radiation beam. 

To define the BMC of resected metatarsals, the 
bones were trans-imaged in groups of three. Each 
greup was imaged with a total detector count of 
4& 108 in about 6 minutes, thus providing approxi- 
mately 1,000 counts per array element. At regular 
intervals “flood” images were made to determine the 
response of the gamma camera system. In addition, 
a bone of known mineral density was scanned as a 
reference standard and a lead bar grid was imaged to 
establish dimensions within the stored matrix. 

All of the metatarsals were trans-imaged with 
125], Since most gamma cameras are designed to 
operate with the 140 keV °™Tc gamma radiation, the 
relatively low energy !°I radiation created a notice- 
able variation in response over the surface of the 
scmtillation detector as well as a loss in resolution. 
The latter problem was partially offset by the mag- 


Compton Scattering 
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nification of the bone region at the detector surface. 
Variations in response over the detector surface were 
corrected with a flood image. Selected metatarsals 
were also imaged with 60 keV radiation of Am. 
Although the higher energy gamma-rays would be 
expected to provide better resolution and better 
uniformity of camera response, flood corrections 
were still required as well as higher total counts to 
offset the greater penetration of the higher energy 
gamma-rays through bone. 

All trans-images, including those of a reference 
standard, grid and flood were stored on magnetic 
tape and were analyzed with the aid of a large 
batch-processing computer. Images could therefore 
be reprocessed from original data as experimental 
needs dictated. Images formed by an electrostatic 
printer and histograms formed from the equivalent 
of over 10,000 linear scans have thus delineated the 
distribution of BMC in over 200 metatarsals. 


Absolute Bone Density Measurement Using Compton Scattered Radiation. D. G. Piper, L. E. 
Preuss (Department of Physics and Biophysics, Edsel B. Ford Institute for Medical Research, 


Detroit, Michigan 48202) 


The Compton scattering method for determining 
bone density offers the advantage of measuring abso- 
lute density (g/cm), independent of sample size and 
thickness of surrounding tissue. This may be ac- 
complished by measuring the electron density at the 
intersection of monoenergetic photon beams emitted 
by radioactive sources with appropriate energies. 

A laboratory device has been constructed for use 
with +%Gd (100 keV) and !Tm (84 keV) using a 


scattering angle of 86°. Various organic and inor- 
ganic materials with densities ranging from 0.665 
g/cm? (petroleum ether) to 2.65 g/cm? (quartz) have 
been measured accurately and reproducibly. Twenty 
samples of trabecular bone from the distal tibia of 
cattle, with densities between 1.13 g/cm® and 1.58 
g/cm, were measured repeatedly, with precision 
generally better than 3% and a correlation coefficient 
with Archimedean measurement of 0.97. 


Measurement of Bone Mineral Density Using Coherent and Compton Scattering. H. Olkkonen, 
P. Puumalainen, P. Karjalainen, E. M. Alhava (University Central Hospital, Kuopio, Finland) 


Density distributions of body tissues have been 
evaluated for many years using scattered radiation. 
Modifications which enable the measurement of bone 
density in the presence of varying quantities of sur- 
rounding tissues were introduced recently.!4 Clinical 
measurements with the Compton technique are 
complicated requiring four time-consuming pro- 
cedures. We have introduced a simplified photon 
scattering method® based on the measurement of 
coherently and Compton scattered photons. This 
paper describes the preliminary results from appli- 
cation of the method in vitro and outlines the ad- 
vantages in clinical use. 

The measuring procedure consists of the detection 
of the scattered photons in a narrow beam geometry 
using a semiconductor detector and a multichannel 
analyzer. In the scattering spectrum the peaks due 
to coherently and Compton scattered photons are 
well separated by the fine energy resolution of the 
detector. For the ratio of the peak areas the follow- 


ing expression is valid:® 
73 


2 
Acoh/ACompt = const.7 A, 


where Z and A are the average charge and mass num- 
bers of the target atoms. The Agonh/Acompt ratios have 
been calculated for some substances contained in 
bone (Table 1). The Z and A are considerably higher 
for hydroxyapatite than for organic components 
(collagen, fat). Therefore, the Agn/Acompt ratio is 
strongly related to the mineral content of bone. 
Twenty-eight distal radii taken at autopsy from 
females were fixed in 30% ethyl alcohol. The mea- 
suring site was about 15 mm from the dorsal end of 
the distal radius in the region of trabecular bone. 
The scattering angle was 90° and a hole collimator 
(length 30 mm, diameter 6 mm) and a slit collimator 
(length 30 mm, aperture 6 X20 mm) were used in the 
source and the detector side. The detector was a 
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TABLE 1.—Agoh/Acompt ratios relative to water (= 1). 
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apatite 

water H,0 1.00 
triglyc.palm. Hg glo 4%, 0.53 
acid 

fat = 0.62 
paraffin (HC), 0.41 


200 mm? intrinsic germanium semiconductor crystal 
and the radiation source a 45 mCi*!Am point source. 
The mineral density of the specimens was also de- 
termined by the gamma transmission method.’ After 
that, 6-8 mm long segments were cut from the 
specimens by sawing and the cortical parts were 
removed. The mineral density was determined by 
ashing at a temperature of 550°C for 24 hours. 

The following linear regression was found between 
bone mineral density and the Agn/Acompt ratio: 


p(g/cm’) = — 0.181 + 0,107 Acon/Acompt- 


The correlation coefficient was 0.96. The mineral 
density values measured by the scattering technique 
correlated well (r=0.75) with the mineral density 
values yielded by the gamma transmission method. 
The correlation equation was 


Pscatt (g/cm?) gat 0.522 T 2.880 Ptransm(g/CMm?). 


The decrease in bone mineral density with age was 
also well reflected in the results. 

The principal source of error in the present method 
is the difference in the attenuation of the coherently 
and Compton scattered photons. In practice, how- 
ever, the error is negligible when measuring periph- 
eral bones. By using the Am source, the 90° scatter- 
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ing angle results in energy difference of 6.1 keV be- 
tween the coherent and Compton peaks. A 10 cm 
thick soft tissue layer placed in the scattered beam 
yields about 15% increase in the Agon/Acompt ratio. 
This equals only about 3% increase in the bone 
density value. 

Clinically the present method has the following 
unique features: (1) It measures the density of 
trabecular bone where changes occur sooner than in 
compact bone?; (2) it is based on the coherent to 
Compton scattering ratio, which is not affected by 
the tissue layers overlying the measuring site. Hence, 
slight involuntary movements do not introduce 
errors as in other methods, 

We also think the method is applicable to the 
density determinations of central bones. In applica- 
tions, where a more intensive incoming beam is 
needed, the quasidiscrete beam of the x-ray tube has 
given successful results. Also we replaced the semi- 
conductor detector by two Nal probes. However, the 
accuracy of the last method was found to be poorer 
than with the semiconductor detector. 
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Experience with Photon Scattering Measurements of Bone Density. C. E. Webber (Department 
of Nuclear Medicine, McMaster University Medical Centre, Hamilton, Ontario, Canada) 


The density of a selected volume within a bone can 
be measured from the number of gamma rays scat- 
tered by the bone from a monoenergetic photon 
beam.!3—* The result is independent of attenuation 
within the bone and within surrounding tissues 
when the transmission of both the primary and 
secondary photon beams is measured. The secondary 
beam energy must equal that of the photons scat- 
tered from the primary beam. In vitro studies have 
established the accuracy of this procedure and have 
also shown that the optimum energy of the primary 
photon beam is about go keV.? 

To design a system for density measurement of the 
os calcis several factors had to be considered. The 
sources selected should possess an intense component 
of the desired photon energy with no significant 
gamma rays of higher energy which would unneces- 


sarily increase the dose. The source half-lifes should 
be long: activities of the order of 1 Ci are required. 
188Gqd (242 day T4) which emits 103.2 keV and 97.5 
keV photons is an ideal primary source, but large 
quantities are expensive. !*%Sm, which decays to the 
same daughter product as !8Gd, emits the 103.2 keV 
gamma ray with an intensity of 28.2%. The avail- 
ability of highly enriched !*Sm and the relatively 
short half-life of Sm (47 hours) mean that large 
quantities can be produced in a reactor with rela- 
tively short irradiation times. Therefore 1%Sm was 
used as our primary source. 

The choice of scattering angle is determined by the 
angular distribution of scattered photons, the avail- 
ability of a suitable secondary source, and the physi- 
cal arrangement of the sources and detectors with 
respect to both the bone and the patient. At an inci- 
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Fic. 1.—The normal relation between os calcis density and 
body weight for 25 females (closed circle) and 27 males (open 
circle). The straight line is the least squares best fit to the data. 


dent energy of about 100 keV scattered photons pro- 
duce an almost isotropic distribution, so a large 
angle entails little loss of intensity. Ninety degree 
scattering of 103.2 keV photons produces photons 
of 85.9 keV; g0° is a convenient angle for the foot and 
provides the most symmetrical scattering volume 
within the os calcis. Since !7I'm emits gamma rays 
at 84.3 keV and is conveniently produced in a reactor, 
the 90° configuration was selected. 

With a 1.7 Ci!Sm source, the scattered count rate 
for the foot phantom was approximately 32,000 cpm. 
A density measurement of the os calcis could be 
made in 3 minutes and the calculated dose was 160 
mrad. The precision of density for 26 phantom de- 
terminations ever a period of 6 months was 1.5%. 
In addition, in two human subjects, os calcis density 
was measured five times for each foot during a single 
day. The mean variation for the measurements was 
1. 

The os calcis density was measured on the side of 
hand preference in 52 normal human volunteers. A 
good correlation (Fig. 1) was found between density 
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and body weight (r=0.74; p<o.oo1). Os calcis den- 
sity was also measured in 16 patients with radio- 
logical evidence of osteoporosis. For each patient the 
density was less than that predicted from their body 
weight, and 75% were more than 1 S.D. below the 
predicted density. 

The differences between transmission and scatter- 
ing measurements should be stressed. A transmissior 
measurement yields the mineral mass within a cylin- 
der of bone. A scattering measurement yields the 
average density within a selected volume which wil. 
include both the inorganic and organic phases of 
bone. Most importantly, the selected volume can be 
restricted to trabecular bone. Consequently, scatter- 
ing techniques are tools for the accurate and precise 
measurement of changes in density within trabecular 
bone. 
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Quantitative Density Longitudinal Section Through the Spine. K. H. Reiss, B. Conrad, K. Killig 
(Siemens Medical Division, Henkstrasse 127, D-8520 Erlangen, West Germany) 


The measurement of Compton scatter gives abso- 
lute tissue densities in vivo provided that corrections 
for absorption and multiple scatter are precise. We 
previously used a #7Cs source and Nal scintillation 
detector for measurement of os calcis density and of 
lung density. We are now using an x-ray beam and a 
z inch detector with a collimator for 8 mm resolution 


for measurement of the spine. By using two differen= 
energies, for example 300 and 150 kVp, a correction 
for absorption can be calculated. Multiple scatter 
was measured on a phantom and amounted to 50%. 
These procedures allowed accurate density determi- 
nation along a spinal phantom. 
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Bone Mineral Mass and Width in Normal White Women and Men. R. A. Schlenker, B. G. 
Oltman, T. J. Kotek (Center for Human Radiobiology, Argonne National Laboratory, Argonne, 


Illinois 60439) 


Bone mineral content (BMC) and width (W) 
have been measured in approximately 600 white 
women and 100 white men ranging from the teens to 
the 80s. Measurements were made using the !5] 
photon absorptiometric method at five pairs of con- 
tralateral sites with the arm in the prone position: 
the midshafts of the right and left radii and ulnae, 
the distal metaphyses of the right and left radii and 
ulnae, and the distal diaphyses of the right and left 
third proximal phalanges. 

Most subjects were from a group who had ab- 
normally high body burdens of #6Ra. A large fraction 
of radium intake to the body is deposited in the 
skeleton and these subjects were studied to deter- 
mine if irradiation of bone by radium alpha particles 
affected the BMC. There was no relation of BMC to 
radiation dose, although for very high doses there 
were depressions in BMC when scanning across 
osteolytic lesions. The data here are for subjects who 
had Ra body burdens less than 100 nCi plus per- 
sons who were unexposed to radium. Body burdens 
of 100 nCi *6Ra cause no radiographic skeletal ab- 
normalities. This and the absence of a correlation 
between BMC and radiation dose, indicated that 
our radium-exposed subjects had normal skeletons. 

Von Roth et al’ noted significant differences be- 
tween BMC/W in normal Germans and in the U.S. 
We made comparisons to evaluate if such differences 
were due to procedures or population. First we 
grouped data for a given sex, site, and parameter 
into decade age intervals and then compared (t-test 
with p<.o1) against the means from other labora- 
tories. This showed differences between decade sub- 
sets but not for entire data sets. Second, we counted 
the number of decades in which a significant differ- 
ence was observed, and computed the probability of 
significant differences by chance. If the probability 
was 0.01 or less, we concluded that our data set and 
the comparison data set differed significantly and 
that the populations and/or the measurement pro- 
cedures differed. 

The comparisons are summarized in Table 1. They 
fall naturally into four groupings which are indicated 
in the table: (1) comparisons with U.S. data at the 
radius midshaft? (C. C. Johnson, personal communi- 
cation, 1972), (2) comparisons with Mazess and 
Cameron? data at the ulna midshaft, (3) comparisons 
with U.S. data!? at the distal radius, and (4) com- 
parisons with German data at several sites. Signifi- 
cant differences are noted in the second, third, and 
fourth groups. The + and — signs in the latter 
groups indicated if our data values were greater or 
less than the comparison values. 


Some of the observed differences can be explained 
by unrecognized differences in measurement pro- 
cedures. Consider the midshaft ulna. If procedures 
were identical in our laboratory and in Mazess’s and 
Cameron’s laboratory except that the rotation of the 
ulna during measurement was different, we would 
expect the W to be smaller, the BMC to be the same, 
and the BMC/W to be greater in one laboratory. 
Ulna rotation would not affect measurements in the 
radius. Such rotation could occur if the arm were 
raised higher with respect to the body in one labora- 
tory than in the other, or if the arm were further 
from the trunk during measurement thus causing the 
upper arm to make a different angle with respect to 
the trunk in the two laboratories. This may be the 
explanation. 

Our W and BMC values in the distal radius are 
larger than reported values, although the differences 
are not significant in some cases. Both W and BMC 
increase rapidly moving distally on the radius, and 
the comparison can be explained if our measurement 
site is more distal than sites used in other labora- 
tories. Since W and BMC both increase distally the 
BMC/W should be similar in all laboratories. The 
small differences noted in BMC/W were not sig- 
nificant. Thus a small difference in scan site is a 
plausible explanation. 

The phalanx site differs in our laboratory and in 
Von Roth’s laboratory. Procedural differences can- 
not be evaluated for the German data, as W and 
BMC data were not available. The differences ob- 
served at sites other than the phalanx could be due 
to differences in the populations. 

We have attempted to explain our comparisons 
first on the basis of procedure and second on the basis 


TABLE 1.—Intercomparisons among laboratories. 


SEX SITE BMC W BMC/W 
F Mid Radius* NS NS =< 

| F Mid Radius2 NS NS NS 

S| M Mid Radius? NS NS NS 

| F Mid Ulna? NS (-) S(-) S(+) 

| F Distal Radiusl S(+) NS(+) NS(-) 

“| F Distal Radius* S (+) S(+) -n 

>! F Distal Radius? NS(+) S(+)  NS(+) 
F Mid Radius3 = = S(+) 

; M Mid Radius3 -- -- S(+) 
F Mid Ulna3 -- -- S (+) 

ol F  Phalanx3 =- == NS (+) 


a Johnson, personal communication, 1972. 
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of population. Until procedural intercomparisons 
are made and calibrations standardized, each labora- 
tory must ccllect its own data on normals. 

Work performed under the auspices of the U.S. 
Energy Research and Development Administration. 


REFERENCES 


1, Gotpsmira, N.F., Jounston, J.O., Picerti, G., 
and Garcia, C. Bone mineral in the radius and 
vertebral osteoporosis in an insured population. 
J. Bone Ft. Surg., 1973, 55-A, 1276-1293. 

e 


1283 


2. Mazess, R.B. and Cameron, J.R. Bone mineral 
content in normal U.S, whites. In: International 
Conference on Bone Mineral Measurement 
(Mazess, R.B., ed.), 228-238. Washington: 
U.S. Department of Health, Education, and 
Welfare Publication No. (NIH) 75-683, 1974. 

3. V. Rots, A., Rince, J.D., Kruse, H.P. and 
KUHLENCORDT, F. Bestinmung des Knochen- 
mineral gehalts durch !]—Photonenabsorp- 
tions messung bei Gesunden. Fortschr. Ront- 
genstr. 1974, 121:597-603. 


Bone Mineral Content of the Growing Skeleton. T. Klemm, D. H. Banzer, U. Schneider (Uni- 
versitätskinderklinik and the Klinik fur Radiologie und Nuklearmedizin, Klinikum Steglitz, 


Freie Universität Berlin, Berlin, West Germany) 


Bone mineral content (BMC) in children seems to 
be of special interest, because growing bone often 
responds to treatment better than adult bone. Thus, 
an early diagnosis may determine the prognosis of 
the child’s future life. Standard values of bone min- 
eral content have been reported by Mazess et al? and 
by Schuster et alt for radius and ulna. The aim of 
this work is to get normal values of BMC for the 
more cancellous os calcis. 

The BMC of 66 boys ages 3-16 years and of 71 
girls ages 3-20 years was measured. These were chil- 
dren of the hospital staff and others who were ex- 
amined in the course of a field study on chronic lead 
incerporation. In none of them were signs of ele- 
vated lead concentration found in blood, hair or 
bone. All were healthy children of normal height and 
weight. There was no history of diseases which might 
affect calcium-phosphate metabolism. The investi- 
gations were carried out by a method? we developed 
follewing the principles of photon absorptiometry.! 
The BMC was expressed in g/cm length unit and in 
g/cm? bone volume, indicating the bone density. 

In childhood the mineral content of the os calcis 
increased with age in both sexes. In Table 1 the 
mean values and standard deviation of BMC are 
listed; the bocy height and weight and the width 
and thickness of the os calcis are specified for each 
age group. Expressing the BMC and bone density 
values as a percentage of the normal standard for 
adults 20-30 rears of age makes values for both 
comparable (Figure 1). While the BMC at the age 
of 6 years amounts to only 1/3 of that of normal 
adults, the bone density is 2/3. The bone density 
curve shows a flatter course in comparison to that 
representing the BMC. Starting from the same value 
at 6 years of age, girls at the age of 15 show 90% and 
boys only 80% of the adult bone density. A com- 
parison of the standard values of the os calcis with 
those of the radius midshaft reported by Mazess 
et al* indicated a corresponding percentage increase 
of mineral content in the compact and cancellous 
portions of the growing skeleton in normal children. 


The increase of the bone volume with age has to be 
considered in children. In order to get comparable 
values independent of bone diameter at different 
ages, it is suggested that one determine the bone 
density (g/cm?) rather than the bone mineral values 
per length unit (g/cm). A similar increase of BMC in 
different parts of the skeleton up to the adult state 
can be expected in healthy children. On the other 
hand, generalized disorders of bone metabolism 
often become manifest first in cancellous portions of 
the skeleton. Therefore, the os calcis seems to be 
indicated for measuring pathological demineraliza- 
tion. 
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Fic. 1.—Normal values of BMC expressed as percentage of 
standard for normal adults. 
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TABLE 1.—Bone mineral content (BMC) of the os calcis in children. 


AGE 
| YEARS| J 





BMC OF THE OS CALCIS IN CHILDREN — NORMAL VALUES (n 


tent by a transmission-scanner: description of 
the system. Internat. Conf. on Bone Mineral 
Measurement, Chicago 1973, DHEW Publ. 
No. (NIH) 75-683, 142-150. 


| ae A 
E 3214 = 3 2.29 + 0.42 45.7+ 41 33.5418 149 *12.5 


239 * 35 2.80 + 0.38 48.7+ 3.4 35.7418 165 +75 


137 ) 





129 £ 66 26.9* 4.1 





375+ 6.0 







mat 97 165 +83 





4. ScHUSTER, W., Reiss, K.H., and Kramer, K. 
Quantitative mineralsalzbestimmung am kind- 
lichen skelett. Dtsch. med. Wschr., 1969, 94: 


1983-1987. 


Bone Mineral Content in Full-term Infants Measured by Direct Photon Absorptiometry. J. J. 
Steichen, B. Kaplan, N. Edwards, R. C. Tsang (Fels Division of Pediatric Research, University 
of Cincinnati College of Medicine, Cincinnati, Ohio) 


The determination of bone mineral content (BMC) 
in young infants is of clinical importance, particu- 
larly for premature infants who often have de- 
creased intake of vitamin D and calcium and occa- 
sionally developed nutritional rickets.4 Photodensi- 
otometric methods are imprecise and expose the 
infant to excessive radiation. BMC measurement by 
direct photon absorptiometry! is a precise and 
accurate method in adults, but had not been used 
previously in newborn and premature infants. Thus, 
normal standard values were not available. We 
adapted photon absorptiometry for use in young 
infants and established normal values for BMC in 


the newborn. 

Sixty-two full term (38-42 weeks gestation) in- 
fants were studied during the first 3 days of life. 
Gestational age was calculated from the first day of 
the last menstrual period according to the history 
obtained from the mother and was verified by clinical 
assessment of physical and neuromuscular maturity.’ 
Measurements were performed on the left ulna and 
radius at the 1/3 and 1/10 distal site of both bones 
(Table 1). 

Analysis of variance did not show any significant 
difference in BMC measured at the different sites. 
No differences were found in BMC between male or 
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TABLE 1.—Normal values for BMC in full term newborn infants, appropriate for gestational age (AGA). 





WT = weight in gm; LENGTH in cm; HC = 
BW = bone width in cm; BMC = 


female babies as a group nor between black and 
white babies. Paired t-test analysis matching black 
and white babies for birth weight and exact gesta- 
tion, did not reveal any statistical difference between 
black and white babies. BMC did not correlate with 
head circumference or length. However, there was a 
significant positive correlation (p<.o1, r=.484) 
between birth weight and BMC. 

The average BMC for all term infants was .103 
g/cm (SEM +.007, SD+.020) for the 1/3 distal 
radius and .117 g/em (SEM+.012, SD+.039) for 
the 1/10 distal radius. BMC of the ulna was .o8s 
g/cm (SEM +.004, SD+.015) at the 1/3 distal site, 
and .078 g/cm (SEM +.009, SD +.026) at the 1/10 
distal site. 

The Norland Analyzer has been shown to be linear 
when BMC is measured in the range of 0.6 to 1.4 
g/cm, but the BMC of infants was in the much 
lower range of 0.03 to .145 g/cm. Correlation be- 
tween BMC of small phantom standards and the 
measured BMC was excellent (r=.96). The pre- 
cision was less (7%) in infants than in adults (3%). 

As BMC correlated well with birth weight, we 
propose that dividing BMC by birth weight will 
allow us to normalize BMC and to compare term 
and preterm infants. When we divided BMC by 
birth weight the normal value was 2.751078 
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head circumference in cm; 


bone mineral content in gm/cm 


g/cm/kg body weight (+2.1X10-°) for 1/3 radius. 
Preliminary data in preterm infants also showed a 
significant correlation between birth weight and 
BMC (r=.739).5 

Supported in part by the Fels Research Institute 
and a grant by Ross Laboratories. 
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Validity of the Absorptiometric Measurement of Bone Mineral Content of the Radius. S. H. 
Cohn, K. J. Ellis, N. F. Goldsmith (Medical Department, Brookhaven National Laboratory, 


Upton, New York 11973) 


Photon absorptiometry usually measures bone 
mineral content (BMC) in the appendicular skele- 
ton, but is often interpreted with the implicit as- 
sumptions that (1) BMC is directly proportional 
to total body Ca and (2) the total skeleton reacts 
similarly to influences such as diet, drugs, and 
disease. Serial BMC measurements on a single pa- 
tient are useful in reflecting changes, but when inter- 
comparisons among individuals are required, there 
is a problem of normalization for the influences of 
age, sex, and body habitus. The common method of 
normalization has been to take the ratio of the BMC 
to the bone width (W)°®:!°. We investigated the under- 
lying assumptions above and normalization. 

The total body calcium (TBCa), as measured by 
neutron activation,? and BMC correlate well. The 
predicted value of BMC (BMC,), can be obtained 
by a modification of the algorithm for prediction of 
total-body calcium.’ The BMC, provides a normal- 
ization based on parameters which influence TBCa.5 
Body habitus is reflected by measurement of height 
(H) and lean body mass (inferred from measurement 


of K). 


Females: 


BMC =0.00112 TBCa—0,0664 
TBCa=aHK?? 
BMC, =0.0635HK!?—0,0664, for age <55 years 
BMC, = 0.0635 —0.00043 (age—55 HK!/2—0.0664, 
for age >55 years) 


Males: 


BMC =0.00091 TBCa+o0.233 where: 
BMC, BMC, =g/cm 
BMC, = 0.0496 HK!2+0.233 TBCa =g 
Keg 
H=m 


BMC varied widely in a population measured at 
Brookhaven National Laboratory (BNL); the mean 
values were markedly below U.S. white standards 
(Table 1). The BMC/W tends to decrease the vari- 
ability, but may not provide satisfactory normaliza- 
tion since radius width is poorly correlated (r=0.383) 
with skeletal size (height). In this population BMC/ 
BMC, was close to 1.00, except for the two oldest 
groups of men. The correlation coefficient between 
individual BMC and BMC, was 0.75, p<.oo1 for 
males, and 0.71, p<.oo1 for females. This method of 
normalization was also tested on BMC data (732 men 
and 826 women) for the distal radius.’ Since TBK 
(total body potassium) data were not available, the 
BMC, was calculated on the basis of weight, height, 
and sex, using a previously derived relationship.” A 
constant was used to transform the distal radius 
data into equivalent values for the 8 cm radius site 


(see Table 2). The BMC and BMC, values were 
highly correlated (r=o.82). The SD for the distal 
radius BMC, was considerably larger in each age 
group than for the radial shaft BMC in the BNL 
normals. This larger variation in distal radius BMC, 
was most likely the result of using body weight 
rather than lean body weight for obtaining the 
BMC. 7 

One common assumption is that different portions 
of the skeletal system are well correlated and have 
the same rate of change. For normal adults, the as- 
sumption holds up fairly well. BMC measurements 
were compared with TBCa and the correlation co- 
efficients were 0.78 and 0.74 for women and men, 
respectively (p<.001). However, studies in patients 
with metabolic disorders of the bone, particularly 
those that involve a differential rate of remodelling 
in compact and trabecular bone, indicated that cau- 
tion must be used in extrapolating from BMC.‘ 

We thank Don Feeney for his computational 
assistance. 
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Age No. BMC W mc TBCa 
BMCp 
FEMALES 
30-39 t 0,819 1.102 1.023 785. 
+72 6.4 4.9 t4.s 
40-49 18 0.891 1.197 0.995 . 
tio.2 t8.6 tio.s t10.5 
50-59 39 0.873 1.249 1.011 822. 
tio.4 t9.5 8.2 iki 
60-69 5 0.766 1.184 1.046 716. 
tio.1 t6.9 17.5 t11.6 
70-79 4 0.605 104 0.940 s 
t11.6 t5.1 t8.7 t16.2 
Ie 1.003 
MALES t8.6 
30-39 13 1.229 1.495 0.983 1150. 
tis.1 tio.5 t8.4 t12.4 
40-49 12 1.166 1.543 0.939 1078. 
t10.6 t9.7 t9.4 t14.8 
50-59 8 1.199 1.494 1.007 988. 
Ti1.s t3.8 7.4 t15.6 
60-69 7 1.189 1.508 0.981 1047. 
til. t8.2 T1i1.4 tio.8 
70-79 n 1.189 1.492 1.092 1075. 
tio.2 t8.3 t10.4 tio.s 
80-89 8 1.103 1.593 1.109 1005. 
+16.0 +6,8 t14.9 t20.7 
1.019 
p tio.o 
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TABLE 2.—BM.C in the distal radius of Goldsmith’s population.* 
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e No. W 
Ag (kg') 
Male 30-39 °207 81.2 
40-49 199 80.6 
e 
50-59 199 81.4 
60-69 95 78.7 
70-79 32 7332 
732 
Female 30-39 198 63.1 
40-49 249 65.2 
50-59 220 64.3 
60-69 117 64.0 
70-79 42 61.7 
826 
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$24.4 cg A 
0.997 
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Influence of Skeletal Size on Bone Mineral Content: Skeletal Size-Adjusted National and Inter- 
national Normative Trend Lines. J. Dequeker, Fr. Gielen (Rheumatology Unit, Academic Hos- 


pitals Leuven and Pellenberg, Belgium) 


This study is based on photon absorption data of 
248 subjects from Belgium! and on data from four 
additional populations: U.S.A. white and black from 
California? U.S.A. white from Wisconsin,’ and 
North Alaskan Eskimos.‘ In the Belgian population 
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over 40 years old, bone width of the radius 8 cm 
from distal end was significantly correlated with 
BMC/W in women and with BMC in men. These 
indices were expressed ig relation to bone size using 
linear regression analysis for each age-sex group sepa- 
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Fic. 1.—Skeletal size adjusted normative trend lines for bone mineral concentration (females), bone mineral content (males), and 
percentage distribution of bone width of the radius 8 cm distal end (248 Belgian subjects). 
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TABLE 1.—Percentage difference BMC (g/cm?) radius distal 
end from international trend line skeletal size adjusted at age 40 
and at age 60. 


FEMALES MALES 
Age 40 Age 60 Age 40 Age 60 
USA Black Calif. +3.60 + 11.22 
USA White Wisconsin +2.42 - 1.18 
North Alaskan Eskimo +0.27 i N 
USA White Calif, - 0.16 + 2,62 
Belgium - 6.06 - 11.53 





rately. Important differences in bone mineral index 
per bone size were noted (Fig. 1). 

Using the same procedure normative trend lines 
were obtained from the mean values of W and BMC 
3 cm from the distal end of the radius of the five 
populations. Between bone width and BMC/W a 
negative slope was found in all age-sex subgroups 
(Fig. 2). With these normative trend lines we com- 
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pared BMC/W values of the populations adjusted 
for skeletal size (Table 1). The U.S. whites and 
blacks have a larger BMC/W for a given skeletal 
size than the Belgian and the North Alaskan Eskimo 
population. The U.S.A. blacks compared to U.S.A. 
whites also have a larger BMC/W. 
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Bone Demineralization in Renal Failure : A Longitudinal Study of the Distal Femur Using Photon 
Absorptiometry. T. R. Overton, D. S. Silverberg (Division of Biomedical Engineering and De- 
partment of Medicine, University of Alberta, Edmonton, Alberta T6G, 2G3, Canada) 


Variable results have been obtained in renal pa- 
tients using photon absorptiometry measurement of 
the bone mineral content (BMC) of the lower radius 
and ulna,®:%2-314 os calcis,?* and lower end of the 
femur.!? 

Using a measurement apparatus constructed in 
this laboratory,!? with “!Am as the photon source, 
we studied BMC in the distal femur of 87 chronic 
renal failure patients: 21 pre-dialysis patients (CRF), 
45 chronic hemodialysis patients (CHD), and 21 
renal transplant patients (RT). 

The CRF patients had serum creatinine concen- 
trations of 3 to 14 mg/1oo ml. The CHD patients 
received dialysis for 3 to 8 hours, 2 to 3 times 
weekly. The dialysis fluid was deionized; Ca was 
6.5 mg/100 ml and Mg was 1.5 mg/100 ml. 

Both the CRF and CHD patients received 0.125 
mg dihydrotachysterol (Hytakerol®) twice daily and 
sufficient aluminum hydroxide to maintain a normal 
serum phosphorus concentration. Two CHD pa- 
tients received 0.5 to 2 ug. of 1,25 dihydroxychole- 
caleiferol (1,25 DHCC) parenterally 3 times weekly 
while on dialysis, and two received 0.5 to 2 wg. daily 
of eral 1% hydroxycholecalciferol (1% HCC). 

BMC was measured in the distal femur at a site 
approximately } of the shaft length from the lateral 
tubercle. Measurements were made at about 2 


month intervals over an average period of 12 months 
(range 8-24 months). 

Group comparisons of mean BMC using a two- 
tailed “t” test were made after determining that no 
significant differences existed in age, height or 
weight between groups. For the longitudinal study 
a weighted linear regression’ (BMC vs time in 
months) was made for eight normals (five males, 
three females, each with a minimum of five measure- 
ments in the study period), and for each indiv:dual 
patient. In all cases the slope of the regression line 
was tested for a difference from zero slope. Ir the 
reported cases where patients changed groups or 
type of treatment, a comparison was also made be- 
tween the regression slopes before and after the 
change. 

We used data obtained in long-term studies of 
BMC measurement precision to define a BMC 
“trend” threshold in terms of the slope of the regres- 
sion line (BMC vs time) for normal subjects. This 
threshold value was 0.0005 g/cm/day which corre- 
sponds to a rate of change in BMC between 1 and 2 
percent per year depending upon the particular 
group (normal or patient) considered. 

The three patient groups (CRF, CHD and 
RT) had significantly lower BMC than the normal 
group with the exception of the male CRF group. 
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TABLE 1.—Numbers of subjects with change in BMC for nor- 
mal and renal disease groups. 




















NORMAL CRF CHD RT 
Total Number in 
Group* 8 26 42 21 
sci nti ih ants gi 
BMC Increase 0 3 2 0 
Ee (1 child) (children) 
BMC Decrease 0 0 2 0 
(1 child) 
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a pecan rin N E el en on 
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xX — ee ee ee 
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¥ 
Includes 9 children and six patients with therapy change 


(5 CRF > 4 CHD + 1 RT; 1 CHD > 1 RT) 
Excludes 4 CHD patients with special therapy (two receiving 
1,25 DHCC and 2 receiving 1*HCC) 


BMC comparisons between the three-= patient groups 
showed no significant differences. 

In the longitudinal study, significant BMC in- 
creases (p<0.05) were found in five patients (Table 
1). Three were children aged 11 to 14 years. The 
increase in BMC was attributed to normal growth 
during the study period. Two CHD patients (one 
adult and one child) showed significant loss of 
BMC during this study (p<o.os). A test of propor- 
tions (Table 1) comparing each group for positive vs 
zero and negative trends showed that the patient 
groups were significantly different from normal 
(P<o.05) but not from each other. 

Six patients (included in Table 1) underwent a 
therapy change during the period of this study 
(4 CRF-CHD, 1 CHD and 1 CRF>RT). No change 
in BMC was observed following this therapy change. 

Four additional patients, not included in Table I, 
were initially on Hytakerol but this agent was re- 
placed by 1,25 DHCC (in two cases) and 1% HCC 
(in two cases). One patient who received 1,25 DHCC 
showed a negative trend in BMC before receiving 
the drug and a significant increase in BMC during 
treatment;! the other showed a zero trend before and 
during treatment with this agent. One of the two who 
received 1% HCC showed a significant loss of BMC 
before receiving the drug and a zero trend during 
treatment; the other showed a zero trend before and 
during treatment. 

In the CHD patients on Hytakerol the mean val- 
ues for serum Ca were 9.6 +0.15 mg/100 ml (normal 
8.5-10.5), and serum phosphorus 6.0 +0.29 mg/100 
ml (normal 2.5-4.5), and serum alkaline phosphatase 
137 +35 I.U. (normal 20-90). No significant changes 
in these values occurred during the study period. 

Radiological skeletal surveys were performed 
before and after this study. No evidence of change 
in bone demineralization was observed for any pa- 


tient included in the CRF, CHD or RT groups 
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(Table 1). Of the two patients who received 1,26 
DHCC, the one who showed improvement in BMC 
also showed radiological improvement in osteitis 
fibrosa and osteomalacia during treatment. Of the 
two who received 1* HCC, the one who showed im- 
provement in BMC also showed radiological evidence 
of healing of fractures of two metatarsal bones dur- 
ing treatment. In both patients the serum alkaline 
phosphatase fell significantly during the treatment 
with these two Vitamin D analogs. All four patients 
receiving these analogs showed symptomatic im- 
provement. 

The lack of change in BMC in the majority of the 
patients may have been related to use of Hytakerol,}° 
fluoride-free dialysate, a dialysate calcium concen- 
tration sufficient to create a positive calcium 
balance!” and to control of hyperphosphatemia."! 

The improvement in BMC that occurred in one of 
the two patients receiving 1x HCC is consistent with 
the findings of others.5:17 

This BMC measurement technique, with a long 
term precision of better than 2% permits early de- 
tection of bone mineral loss and is, we believe, a 
valuable method in following renal osteodystrophy. 
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Bone Mineral Analysis in Renal Osteodystrophy. L. H. Diamond, R. Smith, L. Pierce (Division 
of Nephrology, Department of Medicine and Department of Radiology, Georgetown School of 


Medicine, Washington, D.C.) 


Renal patients (n=161) have been studied with 
the Norland Bone Mineral Analyzer, 53 on two or 
more occasions. All patients were hemodialyzed for 
6 heurs, three times a week with a dialysate calcium 
of 6.5 mg%. No calcium supplements were ad- 
ministered. Amphojel, for hyperphosphatemia, was 
used at a variable and individualized dosage so as to 
maintain the pre-dialysis serum phosphorous below 
6.5 mEq/L. The group comprised 24 females and 29 
males (16 Caucasians and 37 Negroes) with a mean 
age of 53 years. (Range 28-77 years.) The followup 

period ranged from 3 to 14 months (X=7.9 months). 
The bone mineral mentent (BMC) of the majority of 
the 161 patients fell below the reported mean for 
age and sex matched controls.} 

In a smaller group of patients, no correlation be- 
tween BMC and serum Ca, PO, Ca PO, product 
nor alkaline phosphatase was found. 

Fifteen patients had radiological osteopenia; 23 
liad radiological changes compatible with osteitis 
fibrosa cystica, and 16 had normal radiological 
evaluations. 

The range of BMC change for the entire group 
was —7.0%-+11.3%/month (X= —0.23%/month). 
If two patients, who demonstrace a 6.5% gain and 
7% loss followed by an 11% gain, respectively, are 
excluded, the range for the ia group was —4.2%- 
+4.3%/month. Of patients studied sequentially a 
BMC change of less than 1.0%/month occurred in 
5 3%; of 70-270! ‘month in 19%, of 2%-3%/month 
in 16.5%; of 3%-4%/month in 1.5% and >4%/ 
month in 10%, respectively. Thus 72% of patients 


demonstrated a change of BMC of under 2%/month 
and 88% of patients a change of less than 3%/month. 

Of the 53 patients analyzed sequentially, 22 (41.5%) 
demonstrated persistent loss of BMC (—1.6%/month; 
SD 1.3%/month), while 22 (41.5%) gained BMC 
(+1.5%/month; SD 1.9%/month); the difference be- 
tween these groups was highly significant (P <o.0001). 
Three (5.7%) patients demonstrated no change, 
while 6 (11.3%) demonstrated fluctuations in BMC. 

Of the 22 patients with BMC loss, six (27%) had a 
normal radiological evaluation, eight (36%) had 
osteopenia and eight (36%) demonstrated osteitis 
fibrosa cystica; of the 22 patients who gained BMC, 
six (27%), five (22%) and 11 (50%) had normal, 
osteopenia or fibrosa cystica, respectively, diagnosed 
by radiologic evaluations. 

The rate of BMC change in males ranged from 

—2.8%-+4.3%/month (X= —0.53%/month) and 
for óle from —4.2%-+2.9%/month (x= 
—0.14%/month); the difference was not statistically 
significant. (P>0.3). 

In Caucasians, the rate of change ranged from 
—2.6%-+1.8%/month (X= +0.11 Zar NEN, whereas 
for Negroes, the range was —4.2%-+4.3%/month 
(X= —0.56%/month); the difference between the 
groups was not statistically significant. (P>0.3). 

The rate of change of BMC, measured in the fore- 
arm with vascular access, when compared to the 
forearm without vascular access, was found not to 
be significantly different (P>0.2) when compared to 
the rate of change in the opposite forearm. 

The BMC measurement is helpful in the manage- 
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ment of renal osteodystrophy, especially in the 
identification of a group of patients in whom further 
evaluation is both justified and mandatory. 
Supported in part with a Grant from the Public 
Health Service (PR-5360). We acknowledge technical 
assistance from Nancy Wilson, Mike Smith and 
administrative assistance from Laundretta Grant, 
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The Effect of Chronic Renal Failure and Maintenance Hemodialysis on Bone Mineral Content 
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Loss of cortical bone occurs both in primary and 
in uremic secondary hyperparathyroidism.4* Studies 
by radiographic morphometry suggest that meta- 
carpal cortical thickness declines in early chronic 
renal failure (CRF), remains stable in late CRF, and 
declines further with poorly controlled maintenance 
hemodialysis (MHD). In this study, photon ab- 
sorptiometry was carried out by using the Norland 
Analyzer on 132 patients with CRF. Quadruplicate 
scans of the radius were made at one-third of the 
distance from the ulnar styloid to the olecranon 
process, and the results expressed as bone mineral 
over bone width (BM/BW) in g/cm. Scans at this 
site reflect predominantly cortical bone, although a 
low value may be due to increased intracortical 
porosity, osteomalacia, osteitis fibrosa or accumula- 
tion of incompletely mineralized bone as well as to 
reduced cortical thickness.*? For white patients, age 
and sex specific normal values were obtained from 
published values. For black patients, provisional 
normal values were obtained by multiplying white 
male values by 1.06 and white female values by 1.10 
(factors based on the data of Johnston et al?). Both 
absolute differences between actual and expected 
values for BM/BW and z scores were computed. 
(z= absolute difference/SD). Fine detail x-rays of the 
scanned forearm and of both hands on industrial 
film were obtained immediately after scanning. The 
films were examined under eight fold magnification!” 
after completion of the study without knowledge of 
the scan results. 

In 102 patients (group A) the first scan was per- 
formed less than 6 months (mean 1.1 months) after 
the start of MHD (Table 1). A highly significant 
reduction in BM/BW was found in the group as a 
whole (9.6%) and when subdivided on the basis of 
sex and race. Subperiosteal erosion in the phalanges 
due to osteitis fibrosa was detected in 47 patients 
(46%), and arterial calcification in the hands or 
forearm in 27 (26%). 

The remaining 30 patients (group B) had re- 
ceived MHD and/or renal transplantation for 6 
months or more (mean 2 years) prior to commence- 
ment of the study. Their management had been de- 
fective in several respects by current standards with 
too low a dialysate calcium level and inadequate con- 


TABLE 1.—Bone mineral measurements in patients scanned 
less than six months after (group A) or more than six months after 
(group B) the start of maintenance hemodialysis. 














Group A ce Actual A (Abs) A % z p 
All Subjects 102 0.833 0.753 -0.080 - 9.6 -1.20 < 0.001 
Black Male 33 0.914 0.834 -0.080 -8.7 -1.11 < 0.001 
White Male 32 0.860 0.779 -0.081 -9.4 -1.16 < 0.001 
Black Female 20 0.772 0.697 -0.075 - 9.7 <-1.116, 0.001 
White Female 17 0.699 0.611 —0.088 -12.6 -1.47 < 0.00) 
Group B 

All Subjects 30 0.859 0.716 -0.143 -16.6 -2.18 0.001 
Black Male 12 0.918 0.777 -0.145 -15.8 -1.90 0.001 
White Male 9 0.862 0.702 -0.160 -18.6 -2.30 0.005 
Black Female 3 0.841 0.725 -0. 116 -13.8 -2.12 0.05 
White Female 6 0.742 0.611 -0.131 -17.7 -2.62 ~ 0.025 


trol of hyperphosphatemia. The mean deficit in BM/ 
BW was 16.6%. Subperiosteal erosion was detected 
in 16 (53%) but was more often severe than in group 
A. In group B, but not in group A, the BM/BW defi- 
cit was significantly greater in those with moderate to 
severe subperiosteal erosion than in those with 
slight or none. In each grade of subperiosteal erosion 
the deficit in BM/BW was more severe in group B 
than in group A. Arterial calcification was detected 
in seven of these patients (23%). 

In 85 patients serial measurements were obtained 
during MHD (Table 2). The dialysate Ca level was 
7.0 mg% and predialysis plasma Ca and phosphate 
levels were maintained as close to normal as possible 
by Ca supplementation and phosphate restriction. 
Only three patients received DHT and none re- 
ceived vitamin D or its metabolites. No significant 
change in mean BM/BW occurred either in the 
group as a whole or when subdivided on the basis of 
sex, race, age, initial BM/BW or duration of MHD. 
However, an apparent loss of greater than 10% 
occurred in three patients and an apparent gain of 
greater than 10% occurred in four patients, one of 
whom developed extensive radial artery calcification 
between the two scans. The significance of these 
changes was uncertain since too few serial measure- 
ments were obtained to compute individual regres- 
sion lines. Because of uremic twitching and signifi- 
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Taste 2.—Changes in bone mineral measurement during 
maintenance hemodialysis (MHD). 


MN (gio) Duration 

n Initial Final A (months) P- 
All subjects 85 0.739 0.737 -0.002 11.6 ?0.9 
Back Male 28 0.839 0.837 -0.002 11.2 20:6 
White Male 25 0.756 0.750 -0,006 10.0 ?0.2 
Błack Female 16 0.692 ° 0.697 40.065 16.0 0.6 
White Female 16 0.583 0.580 -0.003 10.3 >0.6 
Age £45 (F) {55 (M) 37 ‘ 0.795 0.789 -0.006 11.7 >0.2 
Age > 45 (F) >55 M) 48 0.695 0.696 +0.00) 11.5 ?0.8 
Initial z > -1.5 46 0.798 0.796 -0.002 12.3 2)0.6 
Initial z -1.5 39 0.669 0.668 -0.001 11.0 )0.6 
Months of MD, 1-€ 20 0.749 0.747 -0.002 4.1 20.7 
Months of MD, 7-12 37 0.736 0.736 0 9.7 >0.9 
Months of MHD, 13-418 15 0.717 0.707 -0.010 15:7 202 
Months of MHD, 19+ 13 0.754 0.754 0 23.2 )0.9 


cant patient discomfort for a variety of reasons, the 
repositioning error was considerably greater in these 
patients than in normal subjects. The overall 
severity of subperiosteal erosion did not change, but 
significant improvement occurred in four patients 
and significant worsening in five. 

Bone biopsies were performed in 10 of 27 patients 
whose initial z score was less than —2.0. Significant 
abnormalities in classic histological appearances, 
static morphometric measurements and dynamic 
tetracycline labelling indices were found in each case. 

A substantial loss of radial mineral occurs in CRF 
before the initiation of MHD, the magnitude of 
which does not vary significantly with sex or race. 
The therapeutic regimen prior to initiation of this 
study probably caused further loss of radial mineral. 
The present therapeutic regimen seemingly pre- 
vented further loss in most patients for up to 2 
years. Bone mineral loss in the radius and severity 
of osteitis fibrosa in the hands can vary indepen- 
dently. 
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Bone miteral measurement appeared of value in 
indicating the efficacy of treatment regimen and for 
selecting patients for more detailed study (such as 
bone biopsy) but its value in following the course of 
individual patients with renal failures was uncertain. 
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The Need for Differential Bone Mineral Standards for Blacks. G. H. Mayor, S. M. Garn, T. V. 
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Michigan, Ann Arbor, Michigan) 


There is considerable evidence that American 
blacks have a larger skeletal mass than whites of 
comparable age and sex. This has been demonstrated 
ower the entire life span by Trotter et al** using 
gravimetric techniques on skeletons, and by Garn 
et al! using radiogrammetric techniques on more 
than 25,000 subjects. Comparable black-white differ- 
erences would be expected in both normal individuals 
and in osteodystrophies using direct photon ab- 
sorptiometry. 


Bone mineral content, BMC (g/cm), bone width, 
BW (cm), and bone density, BMC/BW (g/cm’), 
were measured in vivo by direct photon absorp- 
tiometry using the Norland Bone Mineral Analyzer. 
The radius of all subjects was scanned four times at 
a site 1/3 the distance from the ulnar styloid to the 
olecrenon where the bone is predominately compact. 

We studied 150 white and 30 black chronic renal 
failure, transplant, or hemodialysis patients as well 
as 153 black and 62 white normal controls. In 150 
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white patients with renal disease, the BMC gen- 
erally fell well below the white standards for the 
left radius compiled by Mazess and Cameron? Of the 
82 white male patients studied, 12 fell above the 
white standard, while 70 were below (p<.o1). Simi- 
lar findings were noted for the white female patients 
studied with 17 falling above the white standards and 
51 falling below (p<.o1). Many of the white pa- 
tients exhibited less than 75% of their expected 
BMC and some had values as low as 30%. These 
observations indicated osteopenia associated with 
end-stage renal disease. Virtually identical findings 
were noted for BMC/BW. 

Unlike whites, black renal patients of both sexes 
do not generally fall below the white standards. The 
vast majority of black patients have normal BMC 
and BMC/BW by the white standards. Matching 24 
black and 24 white patients for age, sex, creatinine, 
and treatment category to rule out differences in the 
severity of disease demonstrated that black patients 
have greater BMC/BW than matched whites. This 
tendency for greater BMC/BW among black pa- 
tients was found in chronic renal disease, transplant, 
and dialysis patients. The magnitude of these highly 
significant (p<.oo1) differences approached 12.5%, 

BMC and BMC/BW were determined on 25 white 
male and 37 white female controls. The means for 
these groups were generally below the Wisconsin 
standards. A Chi-squared test indicated that the 
distribution below the standard was significant 
(p<.os). These differences could be explained by 
technique or could reflect differences in the popula- 
tions. The 74 black female controls tend to exceed 
published standards for BMC and BMC/BW for 
whites in the 4th, sth, 6th and 7th decade (but not 
the 3rd. Similar findings are noted for 79 black male 
controls. The Black male controls also exceeded 
white norms for the 4th, sth, 6th and 7th decade). In 
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both the male and female black controls the distribu- 
tion above the standards for whites was significant 
(p<.o5) by the Chi-squared test. 

The clinically normal blacks showed levels of bone 
mass higher than both those of Wisconsin whites and 
our normal whites. Black patients showed consider- 
ably greater bone mass than do comparable white 
patients, both on an indevidual and a group basis. 
Black and white renal patients demonstrated similar 
patterns of bone loss. A problem arises because nor- 
mal blacks have more bone than whites. As the osteo- 
penia of renal diseases evolves, black patients begin 
to approach the white norms. Consequently, their 
severe osteopenia could often be overlooked. To cor- 
rect this, we are establishing race specific norms 
against which black patients may be more effectively 
compared. 

Supported by the Michigan Association for Re- 
gional Medical Programs; Ms. Amy Bessire kindly 
aided in preparation of this manuscript. 
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Effect of Combined Therapy with Sodium Fluoride, Calcium, and Vitamin D on the Lumbar Spine 
in Osteoporosis. T. Hansson, B. Roos (Department of Orthopedic Surgery and Radiation Physics, 
Sahlgren Hospital, University of Gothenburg, Gothenburg, Sweden) 


In 1972 Jowsey et al! reported that the combina- 
tion of calcium, fluoride, and vitamin D increased 
bone formation in osteoporotic patients and that the 
newly-formed bone was normal by microradiography. 
We treated nine osteoporotic women (51-65 years) 
for 1.5-2 years with the Jowsey combination and 
measured their lumbar vertebrae by dual-photon 
absorptiometry. All of the women had at least one 
vertebral fracture and spinal x-ray with apparent 
low density. X-ray of the spine and hip as well as 
stature were taken before, during, and after treat- 
ment. No one in the group had any known disease 
which interfered with bone metabolism, and all had 


constant back pain. The women in the group got 30 
or 50 mg of sodium fluoride and 1 g Ca (gluconate- 
lactate and bicarbonate) daily. They also got 0.6 mg 
of dihydrotachysterol daily. 

In our absorptiometer?*? the radionuclide sources 
"Am and Cs) are so arranged that emitted 
gamma radiation passes the vertebra in a common 
collimated beam. The patient lies on a couch which 
is moved transversally. Reproducibility on normal 
subjects was better than 6%. 

No signs of hypercalcemia, hyperphosphatemia, or 
hypercalciuria were seen. Five patients became pain- 
less and four had only slight complaints of back pain. 
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TABLE 1.—Vertebral BMC changes in osteoporotics. 
Regression line 
Subject n A BMC 0 BMC Increase b- 10° 1.96- 6, Significance 
(days) (per cent) í 0$ 
M. E. 6 496 ° $,31 4.22 27,7 18.5 10.8 Sign. 
e Gy vi 663 2.92 3.65 44.9 i 70 Sign. 
a. 0 6 ~ 593 3.08 3.41 10.6 5.5 8.7 Non-sign. 
Y, Ay 6 600 1.84 2.37 29.1 8.9 8.5 Sign. 
S. H. 6 593 2.25 2.66 18.5 Toy 8.8 Non-sign. 
|e ee 6 480 3.35 4.08 21.8 15.2 11.4 Sign. 
He e? 7 504 3.56 4.35 22.2 15.7 95 Sign. 
M. W. 6 639 3.04 3.38 11.4 5.4 8.0 Non-sign. 
A S 6 363 2.76 2.76 "E =i 13.5 Non-sign. 
n= no.of measurements,t = time,days,BMC(bone mineral content) = gram HA/cm, 


b= slope gram HA/ (cme day ) 


$ 


BMC r 


= 0,22 gram HA/em 


Patient SA (Table 1) took treatment for only 2 
months, but was kept in the group. One new verte- 
bral compression fracture was visible on x-ray and in 
two patients further compression of one vertebra oc- 


A 


5, conf. interval 


1,96°0, = 95 / 


curred. No visible changes in density oceurred on 
x-ray of the spine or femoral neck. No change in 
body height was registered. Joint pain occurred in 
two patients. The symptoms disappeared on with- 
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Fic. 1.—Change of vertebral BMC with the Jowsey combination. 
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drawal of the therapy and has not reoccurred when 
started again. 

Absorptiometric results of the scans of the third 
or fourth lumbar vertebrae (Figure 1) showed that 
an increase of bone mineral content was achieved in 
eight treated women; the one case without an in- 
crease terminated treatment after only 2 months. In 
five, the increase was significant at the 0.95 level. 
The statistical calculations were made with the 
highest standard deviation ever determined experi- 
mentally (0.22 g/cm) and the significance has not 
been underestimated. 
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Bone Mineral Content Changes in the Skylab Astronauts. J. M. Vogel, M. W. Whittle (Univer- 
sity of California School of Medicine, Davis, California and NASA, Lyndon B. Johnson Space 


Center, Houston, Texas) 


Significant bone loss could occur in extended 
periods of weightlessness based on observations in 
bedrest and immobilization. Radiographic estimates 
of bone mineral on the crewmen of Gemini 4, 5, and 7 
led to even greater concern since the os calcis losses 
ranged from 2-15%, the radius from 3%-25% and 
the ulna from 3%-16%.? Subsequent reevaluation 
showed there had been an approximate 6.7% over- 
estimation of loss due to the inherent difficulties with 
the photodensitometric technique employed.‘ Never- 
theless, these losses for 4-14 day missions suggested 
that longer Skylab missions could prove hazardous 
both in terms of potential fractures or of production 
of renal stones. 

Bone mineral content (BMC) was determined in 
the central left os calcis and the distal 2 cm of the 
right radius and ulna using the photon absorptio- 
metric technique. Measurements were carried out 
preflight at about 30, 15, and 5 days before launch. 
Postflight measurements were made on recovery day, 
1 and 7 days after recovery, and at variable times 
thereafter. The crews of Skylab 2 and Skylab 3 were 
studied until each had returned to baseline. The Sky- 
lab 4 study was terminated before two of the crew- 
men had returned to baseline levels. A series of seven 
contro] subjects were studied during Skylab 2 and 
Skylab 4, and six control subjects during Skylab 3. 
No losses were observed in either the radius or ulna. 
Os calcis BMC loss was observed only in the scien- 
tist pilots of Skylab 3 and 4 and the pilot of Skylab 4. 
The scientist pilot of Skylab 3 regained his os calcis 
mineral by day 87 postflight whereas the scientist 
pilot and pilot of Skylab 4 had not returned to pre- 
flight levels by day 95 postflight (table 1). 

The above losses generally followed the loss pat- 
terns observed in a heterogeneous group of bedrested 
subjects. A prediction equation for BMC loss has 
been developed based upon the ratio of baseline os 
calcis BMC to baseline urinary hydroxyproline 
levels.1 The prediction for four of the Skylab 2 and 
Skylab 3 crewmen fell within the limits observed in 
the bedrested subjects. BMC loss was predicted and 
seen only in the scientist pilot of Skylab 3. The two 


Taste 1.—BMC changes as a percentage of baseline values in 


Skylab studies. 


MISSION, LEFT RIGHT RIGHT 
DURATION CREWMEN OS CALCIS RADIUS ULNA | 
Skylab 2 Commander +0.5 -0.5 -0.9 
Scientist Pilot -0.9 +1.4 +1.9 
28 days Pilot +2.7 +0.2 +3.1 
Skylab 3 Commander 42.3 -1.4 +0.4 
Scientist Pilot -7.4 +0.2 -1.6 
> 59 days Pilot +1.4 -1.6 -0.4 
wn 
Skylab 4 Commander +0.7 -1.1 -1.7 
Scientist Pilot -4.5 +1.0 0. 
84 days Pilot -7.9 -0.6 +1.4 
Left Right Right 
os calcis Radius Ulna 
<i Skylab 2 +0.8+1.6 0.6+0.9 *0.221.5 
Š] Skylab 3 +#1.041.1 +0.1:0.8 -1.5+1.8 
z| 
~ Skylab 4 +1 O97 2 -0.6+1.2 -0.7+1.5 


crewmen who had higher prediction terms did not 
lose BMC. The Skylab 4 crew had high prediction 
terms outside the limits set by the bedrest data and 
therefore predictions were not possible. It was ex- 
pected, however, that losses in the os calcis would 
not exceed 5%. The 7.9% loss seen in the Pilot can- 
not be explained on this basis. 

The support of John Ullman, Scott Brown, Fred 
Kolb, and Alan Silverstein in the performance of the 
measurements and the support of Dr. Victor 
Schneider and the metabolic unit laboratory staff of 
the U.S.P.H.S. Hospital, San Francisco, is gratefully 
acknowledged. 
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Physical Activity—A Modality for Bone Accretion in the Aged. E. L. Smith, W. Reddan (Depart- 
ment of Preventive Medicine, University of Wisconsin, Madison, Wisconsin 53706) 


Physical activity has been used as a preventive 
and rehabilitative therapy for osteoporosis, but 
there is not conclusive data in an aged population to 
justify the therapy. This investigation studied the 
effects of physical activity on bone in an aged female 
nursing-home population. Bone mineral content 
(BMC) at the distal one-third of the radius was de- 
termined by photon absorptometry on 40 subjects 
(age 69-95) at 3 month intervals over a 36 month 
period. Twenty subjects regularly participated in a 
30 minute/day, 3 day/week activity program con- 
sisting of light to moderate physical activity (1.5- 
3.0 METS). The remaining 20 subjects made no 
change in their activities of daily living. The data 
was analyzed for all subjects starting the study and 
for surviving subjects. All subjects lost were by nat- 
ural causes. Seventeen control and 12 exercise sub- 
jects completed the 36-month investigation. A stu- 
dent t-test was used to determine bone mineral and 
bone width changes within and between the groups 
completing the study. Both control and exercise 
groups averaged 82 years of age at the beginning of 
the study and weighed 58.5 kg. The control survivors 
demonstrated a bone mineral loss of 2.5% during the 
36 months but this was not significant (P>.05). The 
exercise survivors demonstrated a 4.2% bone min- 
eral increase (P<.05) during the study. A linear re- 
gression was performed on the 10 mean values of the 
control group and the exercise group (Fig. 1). The 
control group demonstrated a negative slope con- 
sistent with the 2% loss over the 36 months. The 
exercise group demonstrated a positive slope slightly 
greater than the percentage increase demonstrated 
over the 36 months. All subjects starting the study 
within and between groups were compared by the 
use of a multiple regression analysis with dummy 
variable. No significance (P>.05) was observed 
within either the control or the exercise group, but a 
significant difference (P=.02) was present between 
the two groups. Bone width, while increasing some- 
what more in the exercise than the control, was not 
significant within or between the groups. The rate 
ef bone mineral loss in the control group is consistent 
with that seen by Garn? and Mazess and Cameron‘ 
in longitudinal and cross sectional studies. The 
physical activity program slowed bone loss in the 
aged subjects and even demonstrated bone accretion. 





PER-CENT CHANGE 





EXERCISE PLACEBO Y=.25*X+198 


——-— CONTROL PLACEBO Y=-.25*X +,25 


4 8 12 I6 20 24 28 32 36 
MONTHS 


Fic. 1.—Bone mineral change at the mid-shaft of the radius 
over 36 months. 


This accretion indicated that even aged bone is re- 
sponsive to additional stress. The results are con- 
sistent with animal studies by Chamey and Tschantz! 
and human studies by Dalen? which showed that 
bone responds to increased stress with accretion. 
This study specifically indicated that bone in the 
“normal” aged female can respond to increased 
stress, and suggests that physical activity could 
influence prevention and rehabilitation of fractures 
in the elderly. 
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Changes of Bone Mineral in Healthy Menopausal and Premenopausal Women: Two Year Pre- 
liminary Results of a Longitudinal Study. K. R. Heer, K. Alexandrow, Th. Lauffenburger, H. G. 
Haas (Division of Metabolism and Endocrinology, Department of Medicine, Kantonspital, 4004 


Basle, Switzerland) 


Two groups of healthy working women were 
studied: (1) ‘premenopausal’ (n= 39), comprised of 
subjects 38-44 years of age with regular menstrua- 
tion; and (2) ‘menopausal’ (n=77), consisting of 
women aged 48-54 years, either with regular men- 
struation or in early menopause (last menstruation 
not more than 4 months before starting the study). 
The bone mineral (BMC, g/cm) was measured at 
the proximal site (1/3) of the right radius by means 
of photon absorptiometry. 

A decrease of BMC was recorded in both groups 
after two years of followup: (1) —.024+.030 g/cm 
(p<.o1), and (2) —.045+.031 g/cm (p<.oo1). The 
decrease of group 2 is significantly higher than of 


group I (p<.oor). In addition, a significant correla- 
tion between the change of BMC and the total BMC 
was found in both age gfoups (group 1: r= —.49, 
p<.Ol, group 2: r=—.s50, p<.oo1). Furthermore, 
some individuals lost either more or Jess bone mineral 
than the average women. This is independent of the 
total BMC. n 

These data are interpreted as indicating that: 
(a) the loss of bone mineral begins before the age of 
40, (b) it is more rapid in women aged 50, (¢) there 
is a correlation between the total amount of bone 
mineral and the absolute loss of BMC, and (d) some 
individuals lose more bone mineral than the average 
women. 


The Slowing of the Rate of Mineral Loss with Aging. D. M. Smith, M. R. A. Khairi, C. C. John- 
ston Jr., J. Norton (Departments of Medicine and Psychiatry, Indiana University School of 


Medicine, Indianapolis, Indiana) 


Previous cross-sectional and longitudinal studies 
have developed models which assume that bone 
mineral loss after menopause is a linear function.} +5 
This assumption was examined by measurement of 
bone mineral content (BMC) of the midshaft radius 
in postmenopausal women with the photon absorp- 
tion technique.’ Regression analysis of BMC values 
of 588 Caucasian women, ages 50 to 96 (mean, 69), 
against age was performed. A quadratic function 
gave a significantly better fit to the data than a 
linear function suggesting a slowing of the loss rate 
in later years. To compare the results with a longi- 
tudinal study, the sample was divided into two age 
groups: 50 to 67 years (mean 59; N=292) and 68 to 
96 years (mean 81; N=296). The linear regression 
coeficient of BMC against age was computed for 
these subgroups. The change of BMC in the younger 
group (—0.01Ig+.0017 g/cm/yr) was significantly 
(p<.oo1) greater than that for the older group 
(—0,0056+.0013). This suggested that the younger 
group was losing mineral about twice as fast as the 
older group. Similar rates of loss in younger and older 
postmenopausal women have been reported for cross- 
sectional data.’ 

Longitudinal rates of mineral loss were estimated 
from repeated measurements in postmenopausal 
women. The mean rate of loss in 24 women, ages (at 
the start of the study) 50 to 65 (mean, 57), after 16 
visits over 3.8 years was —0.0108+.0015 g/cm/yr. 
In an older group of 32 women, age 71 to 91 (mean, 
82), after 23 visits over 2.4 years, the mean rate was 
—0.0043 +.0026 g/cm/yr. The mean rate for the 
younger group was significantly (p<.os) faster than 
that of the older group. 

Previous longitudinal studies have shown that 
inactivity such as bed rest promotes bone loss? and 


$ = 1.90251 - .02598(x) + ,00013(x)2 


(.97674)(x-50) 


0.534 g/cm t 


F =.53423 + (.40119)(.95992) 


BONE MINERAL CONTENT (g/cm) 


y = predicted BMC 


x = age 





50 60 70 80 90 100 


AGE (years) 


Fic. 1.—The relationship of BMC and age in a population of 
588 females. The curve ( ) for the quadratic equation is prac- 
tically superimposible on the curve (----) for the exponential 
decay. The quadratic function has a minimum value of 0.602 
g/cm at 100.1 and thereafter increases. The exponential ap- 
proaches a value of 0.534 g/cm asymptotically. 





inactivity could contribute to aging bone loss. The 
activity status of the 55 women in the longitudinal 
study was graded. The older group was significantly 
less active than the younger group, and yet the older 
group had the slower rate of bone loss. 

A quadratic may not be the most appropriate 
function for aging bone loss since it predicts an even- 
tual increase in BMC at ages beyond that which we 
have studied. A more appropriate function may be an 
exponential decay curve where BMC approaches an 
asymptote. This possibility was examined in our 
cross-sectional data (Fig. 1). The closeness of fit 
(multiple R*) for the quadratic was 0.3846 and for 
the exponential 0.3850. Thus the quadratic and the 


CONFERENCE ON BONE MINERAL MEASUREMENT 


exponential appear to fit equally well, but the ex- 
penential probably better reflects the true biological 
phenomenon since no increase in BMC is anticipated, 
as would occur with a quadratic function. The rate of 
loss at any point in time from either equation is the 
first derivative. The first derivative of the quadratic 
is dependent on the variakle age whereas the first 
derivative (rate) of the exponential is dependent on 
the level of BMC ata particular age. 
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Prediction of Femoral Neck Fracture from a Pelvic X-ray. B. E. Nilsson, L. Hagberg (Depart- 
ment of Orthopedic Surgery, Malmo General Hospital, University of Lund, Malmo, Sweden) 


Our study investigated the possibility of predicting 
femoral neck fracture from a pelvic x-ray. Radio- 
grams of 137 women (age 59-62) were selected. All 
films were taken 1950-1960. Later, but prior to 1975, 
39 of the women sustained 41 fractures of the upper 
end of the femur (21 trochanteric and 20 cervical 
fractures). The remaining women, who survived 
through 1974 without fracture, were age matched 
with the fracture cases and served as controls. 

The films were evaluated by two investigators 
without knowing whether or not the patient on the 
film would later have a fracture or not. Two methods 
were used: 1) Singh’s trabecular pattern. This is an 
evaluation of the trabecular pattern in the upper end 
of the femur ranking from normal (grade 6) to severe 
osteoporosis (grade 1). (2) Measurement of femoral- 
neck cortex. The medial cortex was measured on an 
antero-posterior film of the upper end of the femur 
immediately proximal to the lesser trochanter. The 
thiekness was corrected for the size of the patient by 
dividing by the total width of the neck of the femur 
(cortical ratio). Ten of the control hips had radio- 
logical signs of hip osteoarthritis. Since these cases 
could be demonstrated to have a greater than normal 
cortical thickness they were excluded and only 
radiologically healthy hips were used for the com- 
parison between fracture cases and control cases. 

There were no cases with the most severe degrees 
of osteoporosis on Singh’s scale. The trabecular pat- 
terns were distributed from grade 6 to 3 as demon- 
strated in Table 1. There was a highly significant 
difference between fracture and control cases in that 
the fracture cases were represented more often in 
lower ranks of trabecular pattern. The table illus- 
trates the results in all hips separately but since 
there is a partial dependence between the two hips 
in one patient the analysis was repeated for left hips 
and right hips separately. The difference was sig- 
nificant in both instances. 

The cortical ratio was compared between fracture 


TABLE 1.—Singh index of femoral neck in Swedish females. 


Singh's Grade 


3 4 5 6 
Fracture 5 21 29 23 
Control iL 11 73 81 


X * G a) * 22.3 


p < 0.001 
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Fic. 1.—Distribution of cortical ratio in the femoral! neck. 
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and control cases. There was a highly significant dif- 
ference between the two groups although the data 
over-lap considerably. Nevertheless there seems to be 
a dividing line at about 0.16 which could be used for 
selection of cases with a higher than average risk for 
femoral neck fracture (Fig. 1). 

In Sweden today, about 20% of all women will 
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have a fracture of the upper end of the femur at some 
time in their lives. Measurements of the femoral 
neck cortex on a standard radiogram of the hips 
make it possible to select a set of women, 50% of 
whom will have a fracture of the upper end of the 
femur within the next two decades. Such a subset 
would be most appropriage for therapeutic trials. 


Effects of Corticosteroids on Bone Mineral in Rheumatoid Arthritis and Asthma. M. N. Mueller 
(Department of Medicine, University of Wisconsin Hospitals, 1300 University Avenue, Madison, 


Wisconsin 53706) 


Previous studies at the University of Wisconsin 
have established that in adult Wisconsin women 
with rheumatoid arthritis there is a modest amount 
of bone mineral loss when patients have not been ex- 
posed to corticosteroid therapy. Using the Cameron- 
Sorenson monoenergetic absorptiometric method 
with measurements at midshaft and distal sites of the 
non-dominant radius, skeletal demineralization is 
correlated with duration and severity of disease. 
Rheumatoid women treated with corticosteroid ther- 
apy, when matched for age, duration, and severity of 
disease, demonstrated a dramatic and severe amount 
of demineralization which is related to total dose of 
corticosteroid exposure. The impact of steroids on 
the skeleton was equally severe in pre- and post- 
menopausal women; moreover the demineralization 
was equally severe at distal and midshaft sites of the 


radius, implying similar rates of loss of cortical and 
trabecular bone. 

To further study some of the pharmacologic effects 
of corticosteroids, 114 adult subjects with severe 
asthma were studied in the same way. No detectable 
bone mineral loss was associated with asthma, 
whether or not corticosteroids had been used for 
therapy. There was no relationship of corticosteroid 
dose to bone mineral at the sites of measurement. 

Thus corticosteroid therapy appears to have a 
unique catabolic effect on the skeleton of subjects 
with rheumatoid arthritis. An alternative or adjunc- 
tive hypothesis would be that the disease asthma or 
some other aspect of its therapy has a protective 
effect on the skeleton which may block the catabolic 
influence of corticosteroids. 


Bone Mineral Determinations on Long-Term Diabetics. J. D. Ringe, F. Kuhlencordt, H. P. Kruse 
(Abteilung Klinische Osteologie I. Medizinische Univ.—Klinik, Martinistrasse 52, 2 Hamburg 20, 


W. Germany) 


At present one does not know the frequency of 
osteopathies in diabetes, or how often osteopathies 
are direct or indirect consequences of the metabolic 
disorder in diabetes. We generally distinguish be- 
tween localized and generalized skeletal findings in 
diabetes. Localized osteopathies have been described 
for the foot, vertebrae, and skull. Part of the gen- 
eralized diabetic osteopathies develop secondary to 
well-known diabetic complications. For example 
osteodystrophy in chronic renal failure due to 
Kimmelstiel-Wilson lesions and to the common 
pyelonephritis. Our work was to find out whether 
there is any other diabetic osteopathy which is a 
direct derivative of the diabetic metabolic disorder 
aside from those osteopathies due to secondary com- 
plications. 

Insulin dependent long-term diabetics (21 men and 
36 women) were examined. Because of the high in- 
cidence of osteoporosis at advanced age we excluded 
women older than 45 years and men older than 50 
years. We also excluded diabetics who suffered from 
diabetic nephropathy or other diseases which were 
apt to cause an osteopathy. The male and female 


groups averaged about 33 years of age: the duration 
of diabetes averaged 19.4 years (10-41 years) and 
the average onset was 13.7 years (O-31 years). In all 
cases a detailed history was taken. Calcium, phos- 
phorus, alkaline phosphatase, blood urea nitrogen, 
and creatinine were analysed in a blood sample and 
the bone mineral content (BMC) of the peripheral 
skeleton was measured using photon absorptiometry 
with a Norland apparatus. We measured radius and 
ulna of the left arm at 1/3 the distance from the 
lower end of the radius. 

In Table 1 the individual data of radius and ulna 
have been calculated in per cent of the normal values 
corresponding to age and sex of the patient. The 
cases were divided into groups of lowered, normal, 
and increased BMC. For women the BMC loss with- 
in the group of lowered values is 11.2% in the radius 
and in the ulna 16.8%. If one compares the BMC of 
the different groups to the mean duration and the 
mean onset of diabetes, no significant differences in 
the women can be noticed. In the group with lowered 
BMC the mean duration of diabetes is only two years 
longer than in the normals. For the men the same 
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TABLE 1.—Mean values in percent for BMC of radius and ulna 
in correlation to duration and onset of diabetes mellitus. 
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ealculations lead to the following conclusions: BMC 
loss in the group with lowered BMC is 17.3% in the 
ulna and 13.1% in the radius. What was only a 
slight tendency in the women can be recognized 
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more clearly in the men: in the group with lowered 
BMC the duration of diabetes is considerably longer 
than in the group with normal values. The group 
with lowered BMC has on the average an earlier 
onset. ? 

In our examination, 31% of the women and 48% 
of the men had a pathologically reduced BMC. As 
the cases with diabetic nephropathy and other dis- 
eases were excluded, the mineral loss must be con- 
sidered as a direct consequence of the diabetic dis- 
order of metabolism. There was not a significant cor- 
relation between BMC and duration of diabetes, but 
the mean values of the groups demonstrated some 
association between loss and duration. Therefore it 
seems Justified to consider the measured BMC losses 
as another complication secondary to diabetes melli- 
tus. The frequency of diabetic retinopathy and poly- 
neuropathy in our cases is within the same range as 
the demonstrated lowered mineral values (between 
30-40%). The coincidence of retinopathy and poly- 
neuropathy with lowered BMC is always more than 
50%. 

Up to now none of the cases with measured min- 
eral loss have shown pathological fracture. It is also 
remarkable that in none of the cases were there 
notable complaints of skeletal pains. As these pa- 
tients averaged only 31 years old skeletal complica- 
tions might be expected to occur as they age. 

Supported by the Deutsche Forschungsgemein- 
schaft, Sonderforschungsbereich 34 ‘“Endokrinologie.”” 


An Overview of Clinical Applications of Photon Absorptiometry. H. J. Griffiths, R. E. Zimmerman 
(Tufts New England Medical Center, 171 Harrison Avenue, Boston, Massachusetts 02111) 


Photon absorptiometry provides the most precise 
and accurate measurement of bone mineral content 
(BMC) and has been used in a variety of diseases. 
In acromegaly, the bones enlarge but the BMC is 
normal. BMC is reduced by acidosis of various 
types including that due to starvation. This can be 
eorrected by control of the acidosis. Alcoholics de- 
velop osteomalacia and show decreased BMC, which 
may also reflect an osteoporosis due to lack of ac- 
tivity. Anticonvulsants, particularly phenytoin and 
primidone, cause an osteomalacia in which there is a 
decreased BMC, decreased serum Ca, and increased 
alkaline phosphatase. Treatment with vitamin D re- 
turns BMC to normal. In hyperparathyroidism there 
ws decreased BMC before radiographs are positive. 
Cortical striations, osteoporosis, and erosions occur. 
Parathyroidectomy corrects this and BMC tends to 
return toward normal. Bone loss is an iatrogenic 
consequence of several drugs. Corticosteroids reduce 
BMC especially in the central (vertebral) bone, 
similar to Cushings disease. Glutethimide over the 
long-term causes an osteomalacia with a decreased 
BMC. In long-term heparin treatment, bone resorp- 
tion increases and there is osteoporosis with de- 
creased BMC. 

Immobilization has been shown to decrease BMC. 


Bedrest and space flight reduce lower limb, but not 
upper limb BMC and there is full recovery when 
ambulated. However, in chronic disease with im- 
mobilization, there can be a general decrease of 
BMC. Conversely, activity increases BMC even in 
the elderly. BMC is greater in athletes than non- 
athletes, particularly in the dominant side. 

Aging osteoporosis seems to be a normal process 
due to decreased bone formation. It occurs from age 
45 in females and from 65 in males. In females, bone 
loss is related to early menopause and to lactation. 
Bone loss can be arrested by estrogens; fluoride (with 
calcium and vitamin D); and possibly calcium car- 
bonate. Osteoporosis is associated with widening of 
the bone and alteration in trabeculae. It is first evi- 
dent in regions of trabecular bone but eventually 
affects areas of compact and trabecular bone at 
similar rates. 

There is decreased BMC at all stages of renal fail- 
ure. There is rapid BMC loss in azotemia and during 
dialysis, and slower loss after transplant. Parathy- 
roidectomy does not affect BMC in renal osteodys- 
trophy because there is not only secondary hyper- 
parathyroidism, but a mixture of osteomalacia, 
osteoporosis and even osteosclerosis. Treatment with 
vitamin D and Ca supplements is suggested until 
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transplant. Spinal cord injury shows normal BMC in 
compact bone but decreased BMC in trabecular 
areas. This is also seen in leprosy and diabetes. In 
hemiplegia there is decreased BMC on the paralyzed 
side associated with decreased activity. 
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In thyrotoxicosis there is increased formation and 
resorption of bone. Over the long-term, BMC is re- 
duced but returns to normal with therapy. The bone 
shows cortical striations. 


Bone Mineral Content in Patients with Gonadal Dysfunction. W. D. Risch, D. H. Banzer, L. 
Moltz, U. Schneider, R. Rudloff (Department of Radiology, Free University Berlin, Klinikum 
Steglitz, Hindenburgdamm 30, 1000 Berlin 45, West Germany) 


The bone mineral content (BMC) of the os calcis 
was determined in 233 patients with gonadal dys- 
function. Measurements were performed with a 
transmission-scanner for photon absorptiometry. The 
patients were being treated for primary or secondary 
amenorrhea or had been castrated 1-3 years before 
the measurement because of ovarial or uterine can- 
cer. The BMC was in the normal range in Stein- 
Leventhal syndrome with secondary amenorrhea and 
in postcontraceptive amenorrheas (Fig. 1). The 
BMC was decreased in Stein-Leventhal syndrome 
with primary amenorrhea, gonadal dysgenesis, testic- 
ular feminization, anorexia, castration, gonadal hy- 
pogenesis, and adrenogenital syndrome. The first 
BMC-value available in each patient was used for 
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Fic. 1.—Bone mineral content per volume in the os calcis of 
patient groups. Error bars show standard deviation. 
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Fic. 2.—Bone mineral content in Turners syndrome. 


this figure, even if hormonal substitution had been 
used previously in other hospitals. 

In the group of 20 patients with gonadal dysgenesis 
six subjects with Turner syndrome (45, X) were 
found. The mean age was 22.5 years (17-28) height 
148.5 cm (142-155), and weight 50.4 kg (40-59). The 
BMC of three subjects was normal. In the other 
three patients the BMC was greatly decreased (see 
Fig. 2). Only one of the_Jatter subjects (Sch. R.) 
showed a retardation of the skeleton development 
(bone age 13.0 years, chronological age 18.4 years). 

In some patients with primary or secondary 
amenorrhea the relation between BMC and secretion 
of gonadotropic hormones was studied. In 34 hyper- 
gonadotrope patients (>32 MUU) the BMC in 
mg/cm? (M+1SD) was 214.8 + 39.1. In 28 eugonado- 
trope subjects (4-32 MUU) and 25 hypogonadotrope 
patients (<4 MUU) the BMC amounted to 247.2 
+ 38.8 and 234.2+43.3. The difference in BMC be- 
tween eugonadotrope and hypergonadotrope sub- 
jects was significant (p <0.005). 


Bone Mineral Content in Anticonvulsant Osteomalacia. C. Christiansen, P. Rodbro (Department 
of Clinical Chemistry, Glostrup Hospital, Glostrup, Denmark) 


Reports over the last decade have indicated that 
epileptic patients on long-term anticonvulsant ther- 
apy develop biochemical signs of osteomalacia. The 
degree of osteomalacia, however, was not known un- 
til recently nor was the effect of vitamin D treat- 
ment. 


In previous publications we have shown the mean 
bone mineral content (BMC) value is 87%-88% of 
normal for large numbers of epileptics on anticon- 
vulsants. This indicates that “anticonvulsant osteo- 
malacia”’ usually is only slight or moderate. 

Patients initially were treated with vitamin Ds. 
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On this treatment the patients’ mean BMC value 
rose significantly compared to controls. Eventually, 
it was possible to normalize the mean BMC on 4,000 
IU vitamin D, daily and to maintain this level with 
a daily dose of 1,000 IU. 

Others have found low serum levels of 25-hydroxy- 
cholecalciferol (2s-OH-Dy) in epileptics on anticon- 
vulsants, and it was suggested that induction of 
liver enzymes concerned with the primary hydroxyla- 
tion of vitamin D; could explain the findings in anti- 
convulsant osteomglacia. Were this the case, then 
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25-OH-D; should be the drug of choice in this con- 
dition. We tested this by giving various doses of D; 
and 25-OH-D; to epileptic patients on anticon- 
vulsants. With this treatment no BMC change was 
found. These findings indicate that vitamin D», on 
one hand, and vitamins D; and 2s-OH-Ds, on the 
other, act in different manners in anticonvulsant 
osteomalacia, presumably because their metabol sm 
is affected differently by anticonvulsant drugs. The 
use of BMC measurement has thus shed new light 
upon the metabolism of vitamin D. 


Quantitative Bone Mineral Analyses in Patients with Inflammatory Bowel Disease. H. K. 
Genant, J. C. Mall, L. H. Lanzl, J. Vander Horst, J. B. Wagonfeld (Department of Radiology, 
University of California, San Francisco, California, and Department of Radiology, University of 


Chicago, Chicago, Illinois) 


The effect of inflammatory bowel disease (IBD) on 
lmear growth in children has been the subject of 
numerous reports,”"*? but the effect on skeletal min- 
eralization has not been previously reported. In this 
study, 54 patients (26 males and 28 females) with 
documented ulcerative colitis, regional enteritis or 
granulomatous ileocolitis were examined. Clinical 
and biochemical parameters of disease were assessed 
and conventional radiographs reviewed. The bone 
mineral content was determined by the technique of 
Lanzl and Strandjord® which measures the linear 
attenuation coefficient of phalangeal bone by means 
of collimated 125-I source and sodium iodide scin- 
tillation detector. The combined cortical thickness of 
the left second metacarpal was determined in all pa- 
tients by the technique of Garn.’ The skeletal age 
was determined following Greulich-Pyle. A min- 
eralization index was derived by combining the 
cortical thickness measurement with bone mineral 
value and normalizing for age and sex. 

The results of the metacarpal cortical measure- 
ments showed values at least 1 SD below normal in 
65% of males and 64% of females. The cortical 
thickness of the patients with IBD was 3.99 mm 
compared to 5.07 mm in controls (p<.oo1). The 
linear attenuation coefficient values were at least 1 
SD below normal in 35% of males and 22% of fe- 
males with IBD. Patients with IBD had a mean 
absorption coefficient of 1.99 cm™! compared to 211 
cm? for controls (p<.001). The mineralization in- 
dices in 30 of 54 patients were below the 90% value 
(which corresponds to a decrease of approximately 1 
SD in both cortical thickness and linear absorption 
coefficient). In all but 10 patients the indices were 
below the 100% normal value. Demineralization was 
present at all ages but was more common and more 
severe in the adolescents. The mineralization index 
in this group was 82.2% compared to 91.8% in adults 
with IBD. The percent mineralization correlated 
closely with roentgenographic appearance of osteo- 
penia in the spine. There was no correlation between 
this index and the duration of disease, biochemical 
parameters of malabsorption, duration of disease, or 


nature and extent of surgery. The percent mineraliza- 
tion correlated with corticosteroid treatment in 
adolescent patients but not in adults. In the adoles- 
cents the demineralization paralleled closely the de- 
gree of skeletal retardation which was in part stereid 
induced.!:6:8 However, the demineralization exceeded 
that which could be explained solely on the basis of 
retardation of skeletal maturation. 

In conclusion, we demonstrated a high incidence 
of osteopenia as a complication of IBD. The finding 
was particularly evident in adolescents where osteo- 
penia correlated well with skeletal retardation amd 
corticosteroid therapy. In adults, demineralization 
was common but less severe, and correlated poorly 
with other parameters of disease. 
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The Proximal End of Tibia, a Sensitive Site for Measurement of the Bone Mineral Content in 
Lower Limb Dysfunction. B. E. Nilsson, S. Andersson (Department of Orthopedic Surgery, 
Malmo General Hospital, University of Lund, Malmo, Sweden) 


For our studies on local osteoporosis, we have 
modified our standard method of gamma absorp- 
tiometry previously used on forearms for applica- 
tion to the proximal end of the tibia. The radiation 
source is Am-241. The site usually chosen for these 
measurements is the proximal end of the tibia and 
the fibula 4.5 cm distal to the bone joint surface on 
the lateral tibia condyle. This site is located by means 
of an x-ray image intensifier. The precision of the 
method is about 4%. 

Figure 1 records the measurements of a patient 
with fractures of the shaft of the tibia and the 
fibula distal to the measuring site during the first 60 
weeks after injury. 

Our present investigation, however, focuses on 
changes following a joint sprain, with or without 
ligamental injury. All sprains seen either in out- 
patients or in the emergency room, in which a tear 
or rupture of the knee ligament cannot be clinically 
excluded, are taken to the operating room and re- 
examined under general anaesthesia so that any 
pathological instability may be revealed. Thirty- 
seven consecutive patients (age 31+13) were mea- 
sured with tibia absorptiometry from the day of the 
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Fic. 1.—Application to tibia shaft fracture. Measurements in 
one patient from the day of injury. 
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Fic. 2.—Changes in bone mineral content of the tibia in pa- 
tients with knee injuries, without fractures. 





injury and then successively for about 12 weeks. 
Seventeen of the 37 were operated on with repair of 
one or more ligaments. They were kept in plaster 
casts for 6 weeks but were allowed to bear weight on 
the injury. The remaining cases, without ligamental 
lesions, were treated for several weeks only with an 
elastic bandage. We found a significant decrease in 
bone mineral content between operated and non- 
operated cases. The average loss in the operated 
cases was 14% and in the nonoperated, 7% (Fig. 2). 
The last value is most surprising because none of 
these cases had bone injury and the time period of 
dysfunction and pain very short. In contrast, those 
with the more severe injuries who were operated on 
were immobilized for a considerable time and also 
had a period of knee dysfunction after removal of 
cast. Nevertheless, a measurable loss appears in the 
successive measurements. This latter finding could 
be of clinical importance for football players and 
other athletes who are subjected to repeated knee 
injuries. 
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Skeletal Mass in Rheumatoid Arthritis: A Comparison with Forearm Bone Mineral Content. 
I. Zanzi, M. S. Roginsky, K. J. Ellis, S. Blau, S. H. Cohn (Medical Department, Brookhaven Na- 


tional Laboratory, Upton, New York 11973) 


The evaluation of diffuse osteoporosis in rheu- 
matoid arthritis (RA) remains controversial. An 
important associated problem is the compounded 
effect of osteopenia secoadary to chronic corti- 
cesteroid treatment. Most of the studies have con- 
sisted of radiographic evaluations. Recently, photon- 
absorptiometric techniques have been used for 
measurements of selected sites of the skeleton, such 
as the distal femur,! and the distal radius.™®9 The 
development of the technique of in-vivo total body 
neutron activation analysis (TBNAA) along with 
whole body counting, has made possible the direct 
measurment of skeletal mass (total body calcium, 
TBCa).? In the present study, TBCa and radial 
bone mineral content (BMC) were evaluated in 19 
Caucasian women with RA, with and without a 
history of corticosteroid treatment. 

All patients were definite or classic according to 
the ARA criteria, and all were ambulatory. In all of 
them plasma calcium, adjusted for albumin level,’ 
and phosphorus values were normal. In four patients, 
alkaline phosphatase values were above the upper 
nermal range. The seven patients without corti- 
costeroid treatment were receiving variable doses of 
salicyclic or gold therapy. The average daily dose of 
the variable steroid treatment of the other 12 pa- 
tients was equivalent to 13 mg of prednisone and 
had been given an average of 3.7 years. Two patients 
who had received high doses of steroids for long 
periods of time had clear cushingoid characteristics. 

The BMC was measured with a Norland Bone 
Mineral Analyzer. Measurements were made at the 
8 cm site from the distal end of the radius. The de- 
tails of the technique of TBNAA and the Brookhaven 
whole-body counter have been described previously.’ 
Calibration with an anthropormorphic phantom in- 
dicated an accuracy of +5% and a precision of 
+1.0% for the measurement of Ca. The skeletal 
mass for an individual patient was evaluated as a 
ratio between the measured TBCa and the predicted 
value (Ca,) for that individual calculated from em- 
pirically derived equations based on observations on 
normal human subjects.4 Lean body mass was evalu- 
ated by whole body counting of #°K. 

The skeletal mass, as measured by TBNAA, was 
within normal limits in the seven patients with no 
steroid treatment: TBCa/Ca, =0.993 0.106 (S.D.), 
and was decreased in the patients following steroid 
therapy: TBCa/Ca,=0.848 +0.128 (S.D.). The dif- 
ference between the groups is significant at the level 
of p<o.o25. An even greater difference (P<o.001) 
was observed in TBCa/Ca, when comparing the 
same population divided into pre- and post-meno- 
pausal groups (48y). Below 48y, TBCa/Ca, was 
1.003+0.068 while above age 48y TBCa/Ca, was 
0.789 +0.100 (Fig. 1). 


There was a highly significant correlation between 
TBCa and BMC in the total population under study 
and in the group receiving corticosticosteroids 
(r=0.89 and r=o.88 respectively, p<o.oo1). The 
correlation observed between these two parameters 
in the seven patients not receiving steroids was 
r=0.82 (p= <0.05). 

No correlation was obtained between TBCa and 
the estimated duration of the disease, or the duration 
and dosage of the steroid treatment. 

A slightly significant difference (p<0.05) was ob- 
served when comparing the lean body mass as 
evaluated by the ratio TBK/K,, (measured/pre- 
dicted K). The patients with corticosteroid therapy 
had a TBK/K,=0.853+0.136), and patients with- 
out the therapy had a ratio of 0.987 +117. Further, 
the relationship between TBK and TBCa in this 
population of patients was normal, a finding pre- 
viously noted in other metabolic disorders.® 

The results of this study indicate that age has an 
important effect on the development of osteoporosis 
in RA. In our patients, the detrimental effect of 
corticosteroids were pronounced only in the post- 
menopausal group of women. 

Supported by the U.S. Energy Research and De- 


velopment Administration. 
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Roentgen Signs of Vertebral Demineralization and Mineral Content of Peripheral Cancellous 
Bone. D. H. Banzer, U. Schneider, W. D. Risch, H. Botsch (Department of Radiology, Freie 
Universitat Berlin, Klinikum Steglitz, Hindenburgdamm 30, 1000 Berlin 45, Germany) 


Of 4000 subjects measured in our laboratory be- 
tween 1971-1975, 250 male and female patients were 
diagnosed on spinal roentgenograms as having osteo- 
porosis. Lateral and antero-posterior roentgeno- 
grams of the thoracolumbar spine were available for 


155 subjects for subsequent evaluation. The roent- 
genograms of the remaining patients were either in- 
complete or were preserved as microfilms and not 
suitable for detailed analysis. In addition the spinal 
roentgenograms of 52 patients on regular dialysis 


TaBLe 1.—Mean values of BMC (os calcis) in normal adults (N= 192). 














AGE g ON 
| 
| YEARS} 


M*SD|g/em| | M+SD|mg/cm3} 














C—THICKNESS | 
| 
[cem] | [em] [kg] 


HEIGHT WEIGHT 



















3.87 + 0.37 
266 t 31 


3.32 + 0.30 








Vee [al ma | mie 









AGE 2 
| YEARS| 


MË SDig/cm| | M* SD |mg/cm3] 












nm |æ] s26t om 
ne |a| inton | mta 
2.94+ 0.43 256 + 26 











2.77 + 0.46 


2.77 Ż 0.43 





C—WIDTH 















| 
61 — 70 on 3.08 * 0.57 245 * 46 54+ 4 623 | 170+4 68+ 8 
B 3.67 * 0.50 262 * 24 36 = 3 18-10 | 7Ł7 


















C—THICKNESS 
[cm] 


HEIGHT WEIGHT 
lcm] | Ikg] 





| 
[cem] 

















4 
3 
























CONFERENCE ON BONE MINERAL MEASUREMENT 


1307 


TABLE 2.—Mean values of os calcis—BMC in g/cm (upper table) and BMC in mg/cm! (lower table) in different states of vertebral 


osteopenia. 


GROUP 
— 


OSTEOPOROSIS | se | 
ENTEROPATHY Eat 
RHEUMATOID 

ARTHRITIS 

CASTRATION rE 
HYPER- 17 
THYROIDISM 


GROUP 


OSTEOPOROSIS 
ENTEROPATHY 
RHEUMATOID 
ARTHRITIS 

HYPER- 7 
THYROIDISM 

DIALYSIS a 


with histologically proven renal osteopathy were 
evaluated. A total of 140 women and 67 men were 
examined within an age group of 21-78 years. These 
subjects were divided into six groups: 

















20 | 2.74 ; 0.72 













1. Idiopathic osteoporosis of the senescent or post- 

menopausal state. 

Gastroenteric disorders including total or sub- 

total gastrectomy, chronic duodenal ulcers, 

cholangitic cirrhosis, and chronic pancreatitis. 

3. Rheumatoid arthritis. 

4. Castration including ovarectomy and irradia- 
tion, 

5. Hyperthyroidism. 

6. Hemodialysis patients with renal osteopathy. 


H 


The varying stages of disease were not regarded for 
this study. The films were graded into four classes 
by three radiologists independently on the basis of a 
system modified after Goldsmith.’ 

The distinction between classes o and 1 was some- 
times difficult to determine. In case of discrepancies 
the choice of the majority was followed. All class o 
patients of this study were proven as osteoporotic in 
follow-up roentgenograms I to 3 years later. The 
bone mineral content (BMC) of the os calcis was 
measured on the right side by a method based on the 
principles of photon absorptiometry.? 

In comparison to normal adults (Table 1) the 
osteoporotic groups showed decreased BMC in all 
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classes. Even in radiographically inconspicuous pa- 
tients of class o the mean BMC of the heel bone 
showed deviations of 9%-25% in the different groups 
when compared to sex and age corresponding sub- 
jects (Table 2). 

All groups of class 1 showed mean BMC signifi- 
cantly different from the normals (p in all groups 
<o.oo1). If we follow Babaiants,! who postulated a 
30% demineralisation of the vertebral column in 
class I, a corresponding percentage of bone de- 
mineralization can be measured in the os calcis. 
Classes 2 and 3 showed even greater losses that de- 
creased in the gastroenteric group to an extreme of 
54%. Class 2 (with compression signs of one verte- 
bral body) was associated with a loss at a minimal 
average of 28% in the castration group, and a maxi- 
mal average of 37% in the idiopathic osteoporosis 
group. No significant differences were found in BMC 
between class 1 and class 2 patients, but the number 
of subjects in the latter class was too small for ac- 
curate interpretation. Significant differences were 
seen between class 1 and 3 in the gastro-enteric, rheu- 
matic, castration, and dialysis group (p<o.oo1), 
while in the osteoporotic and hyperthyreotic group 
significant differences were found between class o and 
class 3 (p<0.05 and p<o.or respectively). All di- 
alysis patients had histologically proven osteopathy 
with changes due to osteomalacia, secondary hyper- 
parathyroidism and osteoporosis. Remarkable is the 
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fact that in 20 patients without roentgen signs of 
spinal osteoporosis or osteomalacia (class o) an 
average demineralization of 22% was found in the 
heel bone. 

The early detection of BMC loss in patients with 
axial osteoporosis seems to be possible by measuring 
the os calcis. Exact positioning of the measuring site 
in the central part of the bone (nearly rectangular 
dimensions), x-ray controls of the scan path, and of 
bone thickness are necessary. Patients with history 
of local disorders affecting the leg have to be ex- 
cluded. 


MAZESS 
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Partial Body Calcium Measurements by In Vivo Neutron Activation Analysis. J. E. Harrison, 
K. G. McNeill (Departments of Medicine and Physics, University of Toronto, Toronto, Ontario, 


Canada) 


The calcium bone index (CaBI) based on measure- 
ments of Ca of the trunk and upper thighs by in vivo 
neutron activation analysis (IVNAA) has proved to 
be very useful in the study of metabolic bone disease. 
Reproducibility is + 5.5%. The CaBI is expressed 
in terms of the measured “°Ca count and the cube of 
a person’s height and relates the measured Ca con- 
tent to that of 23 normal adults less than 55 years 
old, all the same height. In these normals, the range 
of values is 0.82-1.2 (mean 1.00+0.096) irrespective 
of sex. Twenty-seven elderly subjects (>55 years of 
age) had lower CaBI (mean o.90+0.14) in agree- 
ment with the reported aging loss of bone mineral. 
In 92 adults with idiopathic osteoporosis, CaBI 
varied from 0.9-0.4. In more than 85% of these sub- 
jects, CaBI were below 0.80. Mean CaBI was 0.65 
(35% below mean values for normals <55 years of 
age). 

Measurements were done on 35 patients with hy- 
perthyroidism all under 55 years of age. Ten of the 
patients had significantly low CaBI (<o.8), indicat- 
ing Ca loss in this disease. Six of the 35 patients have 
had repeat measurements, 6 to 19 months after 
treatment had produced a euthyroid state. There 
was no evidence of increased Ca following treatment. 
An insignificant mean decrease of 8% was observed. 

In contrast to the data on osteoporotic patients, 
two patients with osteopetrosis and five cases with 
widespread Paget’s disease had high CaBI (up to 
2.5) in agreement with radiological assessment. 

Patients with adult-onset osteomalacia had low 
CaBI in agreement with expectations, but a group 
of 14 adults with familial hypophosphatemic rickets 
had normal or above normal CaBI values despite 
their severe osteomalacia as shown by bone biopsy. 
This osteosclerosis appeared unrelated to vitamin D 
and phosphate therapy, but may be due to long- 
term mineralization of excess osteoid which con- 
tinues to be produced. Sequential measurements on a 
23-year-old male with vitamin D dependent rickets 
perhaps throws further light on this. He had never 


received adequate vitamin D therapy and had 
severe osteomalacia by radiological and histological 
assesssment as well as a low CaBI (0.55) value at the 
time of initial investigation. He was then treated 
with massive doses (100,000 IU/day) of vitamin D. 
After six months, he had radiological evidence of 
complete healing, and his CaBI doubled to 1.07. 
Over the next 18 months CaBI further increased to 
1.52. This rapid increase can in part be attributed to 
the mineralization of excess osteoid. Subsequently 
(after 2-4 years of treatment) his CaBI decreased to 
normal values. The increase in Ca content was also 
shown by x-ray densitometry of the radius. How- 
ever, these changes occurred over different time 
intervals. Whereas CaBI doubled in 6 months, the 
bone mineral mass (by x-ray densitometry) increased 
40% in the same period, and doubled at 2 years. 

In 34 subjects with renal osteodystrophy (ROD) 
(all <55 years of age) CaBI varied from well below 
to above normal (0.62-1.3). The high or normal 
values were in many cases associated with radiologi- 
cal and histological evidence of ROD and osteo- 
sclerosis. Five patients with low values studied se- 
quentially had persistently low values over periods 
of up to 3 years. In three of these cases vertebral 
deformity and fractures developed during the 3 
year period confirming the severe deficit of bone 
mineral. In other cases CaBI increased over 3 years 
on hemodialysis. The increased CaBI were in some 
cases associated with improvement in ROD and, in 
others, associated with progression of ROD and 
osteosclerosis. 

Analysis of the trunk by IVNAA appears to show 
changes in Ca more quickly than does x-ray densi- 
tometry of the radius. CaBI provides useful diag- 
nostic information on the skeletal status of patients 
and sequential measurements are useful in assessing 
progression of disease or response to therapy. 

This work has been supported in part by the W. 
Garfield Weston Charitable Foundation. 
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Experimental Use of Photon Absorptiometry in Animal Research Models. H. Griffiths, R. E. 
Zimmerman, R. D. Hunt, H. H. Wolfe (Tufts New England Medical Center, 171 Harrison Avenue, 


Boston, Massachusetts 02111) 


Twenty-two Rhesus monkeys were fed purified 
diets varying in calcium agd fluoride content for 5 
years. These animals were studied using routine 
radiography, and magnification studies (utilizing a 
120u RSI microfocal spot tube). The bone mineral 
content was measured by photon absorptiometry at 
the midshaft of the left radius and ulna. Biopsies of 
the iliac crest, tail (vertebral bodies), and ribs were 
taken following injections of tetracycline and DCAF. 
Undecalcified frozen tissue sections and decalcified 
paraffin sections were stained with H and E, von 
Kossa method, and basic fuchsin. Unstained sections 
were examined under ultraviolet light to determine 
the relative position of tetracycline and DCAF. Cal- 
cification fronts were determined by measuring the 
distance between the two fluorescent labels. The 
thickness of the osteoid seams and the osteoid index 
were determined. More recently, tissue culture tech- 
niques, spectrophotometry and electronmicroscopy 
have been added to our routine investigations. The 
results suggested that: 1) the addition of fluoride 
(so ppm) to a diet containing 1% calcium resulted in 
a reduction in bone growth rate and resorption, 
without affecting bone size or density nor resulting in 
fluorosis; 2) a diet containing 0.15% calcium resulted 
in osteoporosis due to an increase in bone resorption; 
and 3) fluoride added to a similar low calcium diet 
prevented osteoporosis by reducing bone growth 
rate and resorption resulting in bones with normal 
density, but at the same time fluoride interfered 
with mineralization of osteoid leading to osteo- 
malacia. 

À group of 20 Cebus monkeys received diets either 
deficient in Vitamin D or with alterations of the 
Ca, PO, ratio. The animals were investigated using 


Percentages of Cortical and Trabecular Bone 


the techniques outlined above. Calcium deficient ani- 
mals with high phosphate intake (1:4 ratio) and 
normocalcium/high phosphate animals (1:2 ratio) 
appeared to have a relatively normal skeleton by 
radiography, photon absorptiometry, and histology 
when compared to the control group of animals who 
have a calcium/phosphate ratio of 5:1. 

A group of 30 rabbits were implanted with a VX» 
thyroid carcinoma in their left leg. This tumor se- 
cretes prostaglandin PGE» which is suppressable by 
Indocin. Preliminary results showed a marked re- 
sorption of bone in implanted animals who did not 
receive Indocin which could be demonstrated both 
by routine and magnification radiography as well as 
photon absorptiometry. 

Finally a group of dogs is being investigated using 
radiographic, photon absorptiometric, and morpho- 
metric methods to ascertain if castration affects the 
bone in both male and female animals. 

In the investigation of metabolic bone disease 
many parameters have to be used apart from the 
routine radiographic techniques. Magnification ra- 
diography is useful in determining alterations in 
morphological structures. Photon absorptiometry is 
also essential as a noninvasive technique for measur- 
ing the peripheral skeleton. Histological techniques 
should include the routine staining procedures as 
well as morphometric studies and studies of ultra 
structure. 
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Mineral Mass in the Radius and Ulma. R. A. 


Schlenker (Center for Human Radiobiology, Argonne National Laboratory, Argonne, Illinois 


60439) 


Bone mineral content (BMC) by photon absorp- 
tiometry is often measured in the midshaft and the 
distal end of the radius. The midshaft site is recog- 
nized to be cortical bone. However, the distal site is 
often described ambiguously.!4 We measured the 
cortical and trabecular mass along the lengths of the 
distal halves of the radius and ulna in order to resolve 
this issue. 

The subjects were four white females aged 21, 43, 
63, and 85 years. The causes of death were suicide, 
internal hemorrhage, heart attack, and stroke re- 
spectively. Medical records showed that the 43-year- 
old fractured the left femoral neck with minimal 
trauma 4 months prior to death and that the 63-year- 
old was hemiplegic and confined to a nursing home 


for at least 22 months before she died. 

Four adjacent segments, approximately 3 cm long, 
were cut from the radius and ulna. The segments 
were embedded in polymethyl methacrylate and cut 
serially into 2 mm thick sections. The sections were 
ashed to remove the embedding plastic, and the 
cortical and trabecular fractions were separated un- 
der a magnifying lens with tweezers. The separate 
fractions were re-ashed and weighed with an accuracy 
better than +1 mg. 

The total bone mineral content (ash weight+sec- 
tion thickness) and the percentage trabecular mass 
in the radii and ulnae are plotted as functions of 
percentage bone lengthin Figs. 1 and 2. (Percentage 
length may be converted to distance along the bone 
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Fic. 1.—Bone mineral content and percentage trabecular bone in the radii as functions of percentage bone length. The numbers 2, 4, 
6, and 8 show the actual data points and signify the 21, 43, 63, and 85 year olds respectively. 
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Fic. 2.—Bone mineral content and percentage trabecular bone in'the ulnae as functions of percentage bone length. The numbers 2. 
4, 6, and 8 show the actual data points and signify the 21, 43, 63, and 85 year olds respectively. 
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TABLE 1.—Trabecular bone mass at various sites on the distal 
radius and ulna. 





Percentage trabecular bone 





Radius Ulna 
average average 
ar Site Description (range) (range) 
A band 7 mm wide, 1 cm fromthe ulnar 53 (42—61) 52 (45—58) 
Styloid tip? 
2 cm from the ulnar styloid tip? 24 (17—30) 21 (11—30) 
1/10 of the length of the ulna from the 
ulnar styloid tip 13 ( 6—24) 13 ( 4—26) 
1/10 of the distance between the radial 
Styloid tip and the olecranon of the 
ulna measured from the radial styloid 
tip® 27 (21—34) 24 (17—33) 
3 cm from the radial styloid tip4 13 (10—18) 12 ( 4—20) 


rn ee 


by multiplying by the bone length. In order of in- 
creasing age, the lengths are: 22.9, 22.7, 23.2, and 
20.6 cm for the radii and 24.5, 24.1, 24.6, and 22.3 
cm for the ulnae.) Trends in the data for all ages are: 
(1) a rapidly increasing and then decreasing BMC 
throughout the first 8% of the length of the radius 
and a nearly constant value thereafter; (2) a rapidly 
increasing and then decreasing BMC throughout the 
first 5% of the length of the ulna and a steadily in- 
creasing value thereafter; (3) a rapidly increasing 
and then decreasing percentage trabecular mass 
throughout the first 10-15% of the radius and ulna 
and a small value which fluctuates about a constant 
mean thereafter. Age related trends in the data are: 
(1) a loss of bone mass with increasing age; (2) an in- 
crease in the percentage trabecular mass in the ra- 
dius and ulna at distances greater than about 20% 
of the bone length. 

The data have been used to estimate the percen- 
tage trabecular mass in the radius and ulna at distal 
measurement sites (Table 1) used by five groups of 
investigators.” All sites are assumed to be 2 mm 
wide unless otherwise noted. The percentage trabecu- 
lar mass in the radius at the most distal site averaged 
53% (42%-61%). It was between 6% and 34% at 
the other four sites. The percentages in the ulna are 
about the same as in the radius at all sites. Thus the 
radius and ulna are predominantly cortical bone at 
the four most proximal measurement sites and are 
about equally divided between cortical and trabecu- 
lar bone at the most distal site. 


MAZESS 


The ages, bone mineral contents, and bone lengths 
for the four subjects in this study span the normal 
range. Each of these parameters affects the percen- 
tage trabecular mass at distal measurement sites. 
The observed percentages of trabecular mass may 
also span a large part of the normal range and our 
conclusions could hold for the large normal popula- 
tions in which BMC has*been measured.?* By far the 
greatest number of subjects have been measured at 
the four most proximal sites in Table 1. Thus the 
distal radius measurements in the literature have 
been made at sites which are pfedominantly cortical 
bone. 

Work supported by the U.S. Energy Research and 
Development Administration. 
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Comparison of Bone Mineral Content (BMC) in Different Skeletal Sites. U. Schneider, D. Banzer, 
M. Bange (Klinik fur Radiologie und Nuklearmedizin, Klinikum Steglitz der Freien Universitat 


Berlin, Berlin, West Germany) 


We used a photon absorptiometric! linear scanner 
and a computer-based data evaluation system to 
perform more than 4,000 measurements on the cal- 
caneus. Luther? reported a poor correlation (0.3 for 
n= 50) between the os calcis and the vertebral body. 
He used a chemical method and the Compton back- 
scatter method and studied small cylindrical samples 


of approximately i cm? volume, so in fact he made 
point measurements. We wanted to determine the 
correlation between the os calcis and other bones by 
our usual scanning method. We assumed that mea- 
surement of the whole cross-section area of a bone 
might give better results, since these bones are not 
very homogeneous. We measured the humerus, the 
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calcaneus, and the second lumbar vertebra in 10 
cases. 

The vertebral bodies were measured both in the 
saggital plane and in the horizontal plane. The sag- 
gital scans gave better correlations with the other 
bones. Since the determination of the cross-section 
area of the vertebral body is difficult, we used the 
BMC values per cm. The aprrelations were signifi- 
cant (p<o.os). The os calcis seemed to reflect the 
BMIC of the vertebral body (r=o0.83) and the hu- 
merus (r=o.82). The correlation between the 
humerus and vertebragwas somewhat lower (r =0.72). 
Wilson? found a correlation of 0.6 to 0.7 between 
radius and vertebra. The comparison of our results 
with the poor correlation obtained with the Compton 
baekscatter method suggested that results obtained 
with such point measurements may not be repre- 


1313 


sentative although they may be precise. 
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A Rectilinear Scanning Technique for Bone Mineral Measurements in Animals. J. A. Bevan, 
H. E. Black, L. A. Oliver (Miami Valley Laboratories, Procter & Gamble, Cincinnati, Ohio 45247) 


Sequential measurements of bone mineral content 
(BNIC) by means of the linear scan photon absorp- 
tiometry are often adversely affected by reposition- 
ing errors. This problem significantly reduces the 
sensitivity of the method except in the uniform re- 
gions of the long bones where the response to factors 
which affect bone may be slow compared to the 
situation at less uniform skeletal sites. Various re- 
positioning aids have been devised in this and other 
laboratories but the need arose for a more versatile 
technique for animal studies and for a more general 
method of reducing repositioning errors. The area 
scanning principle!:?* accomplishes this, partly by 
measuring a greater volume of bone than the linear 
technique, so that the non-overlapping regions in 
sequential measurements are a small fraction of the 
whole, and partly because the process of overlapping 
the area scans results in better repositioning, per se. 

A small rectilinear scanner was constructed by 
mounting a Norland Bone Mineral Analyzer on a 
motorized dovetail slide. A control unit produces the 
rectilinear scanning pattern by sequentially aperat- 
ing the Norland drive system and the dovetail slide 
motor. An area of up to 10X10 cm may be covered 
although, in practice, it is usual to scan a 2-3 cm 
length of bone. The animal is anaesthetized during 
the procedure and lies on the scanning table with the 
chosen limb enclosed in soft-tissue equivalent mate- 
rial. in the continuous mode of operation the loga- 
rithm of the count rate is plotted on an integrating 
chart recorder which simultaneously records the 
absorption profile and its corresponding area during 
each successive traverse across the bone. Since the 
area 1s proportional to the BMC for each traverse, 
one obtains a record of the distribution of BMC 
along the bone. Alternatively, the Norland unit 
(slightly modified) may be operated in its usual man- 
ner to provide direct readout of BMC and bone 
width. The dovetail slide must be incremented be- 


tween scans in order to produce the area scan. 

The BMC data is calibrated and a smooth curve 
is fitted through the points by means of the com- 
putational technique known as the spline function.‘ 
In order to compare sequential measurements, the 
curves are overlaid by matching prominent features. 
It is then possible to measure changes in BMC, either 
point-by-point along the bone axis, or by integrating 
the curves between limits which may be based on 
anatomical considerations. Bone width data may 
also be analyzed in a similar manner. 

Area scanning was used in a study on the short- 
term effects of cortisol on the rabbit skeleton. Pre- 
vious histological studies* have established that 
high doses of corticosteroids produce an increase in 
osteoclastic resorption. Twenty-four 4 kg adult fe- 
male New Zealand white rabbits were randomly as- 
signed to four dose groups of six animals each. Three 
of the groups received daily subcutaneous injections 
of cortisol at levels of 0.1, 0.4, and 1.5 mg/kg body 
weight for 7 weeks. The fourth control group -e- 
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Fic. 1.—Bone mineral content (tibia). Change in BMC com- 
pared to baseline values for rabbits treated with cortisol (doses 
in mg/kg/day). 
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Fic, 2.—Periosteal width (tibia). Change in width compared to 
baseline values for rabbits treated with cortisol (doses in mg/kg 


/day). 


ceived saline injections. BMC was measured in vivo 
at baseline and at four weeks with the animals 
anaesthetized. The final measurements were ob- 
tained on limbs excised immediately after sacrifice. 
The scanning site consisted of a 2 cm region of the 
distal tibia measured proximally from the epiphyseal 
plate. This included all of the distal metaphysis and 
a portion of uniform diaphysis. Judging from radio- 
graphs, there was little trabecular bone in this re- 
gion. 

Except for a dense area at the epiphyseal plate, 
BMC was quite uniform in the distal tibia. The 
average BMC was calculated over this uniform re- 
gion for the 19 rabbits remaining in the study. 
Figure 1 shows the mean changes in BMC for each 
treatment group relative to baseline. There was a 
significant (p<.o1) increase in BMC in the o.1 
mg/kg dose group, and a significant (p<.os) de- 


MAZESS 


crease in the 1.6 mg/kg dose group, compared to 
controls. Figure 2 shows the changes in periosteal 
width as measured by this technique. There was a 
significant (p<.os) increase in periosteal width in 
the 0.1 mg/kg group. The group that received the 
lowest dose level of cortisol showed increase periosteal 
apposition, whereas, as the dose was increased to its 
highest level, periosteal apposition was halted and 
there was a loss of bone from within the cortical- 
endosteal region. 


REFERENCES 


— 


. VocEL, J.M., and Anperson, J.T. Rectilinear 
transmission scanning of irregular bones for 
quantification of mineral content. ¥ Nucl. 
Med., 1972, 13:13-18. 

2. SPURRELL, F.A., Brenes, J., and WarseL, P. 
Tibial bone mineral distribution as influenced 

by calcium, phosphorus, and vitamin D feeding 
levels in the growing turkey. Proc. Int. Bone 
Mineral Conf., 1974, DHEW Publ. No. (NIH) 
75-683, 282-284. 

3. FısneR, G.L., Scuwinp, J.A., and GoLpman, M. 
A photon absorptiometer for in vivo and in 
vitro measurement of small animal bone den- 
sity. Biomed. Eng., 1974, 9, § :196-199. 

4. GREVILLE, T.N.E. Functions, Interpolation, and 
Numerical Quadrature, John Wiley, New 
York, 1967, 156-168. 

5. JEE, W.S.S., BLackwoop, E.L., Dockum, N.L., 
Hastam, R.K., and Kıxcu, F.A. Bio-assay of 
responses of growing bones to cortisol. Clin. 
Orthop. 1966, 49:39-63. 

6. Duncan, H. Osteoporosis in rheumatoid arthritis 

and corticosteroid induced osteoporosis., Orthop. 

Clin. of North Am., 1972, 3, 3:571-583. 





BONE MINERAL MEASUREMENT 


This issue contains a section of abstracts of 
44 papers from the “Transactions of the 
Third International Conference on Bone 
Mineral Measurement” held January 26- 
28, 1976, in New Orleans, Louisiana. These 
have been carefully edited and condensed 
without sacrificing essential information. A 
favorable response to this section will en- 
courage the Journal to consider reporting 
other scientific programs in a similar man- 
ner. 

These abstracts contain a wide range of 
information on the techniques of bone min- 
eral measurement and their practical clini- 
cal application. They further indicate new 
developments and trends in this field. As 
with any publication of nonreviewed ar- 
ticles, defects in conclusions based on faulty 
material and methods may occur, or discus- 
sions may not be appropriate for the ex- 
perimental evidence advanced. The ad- 
vantages, however, of prompt publication 
of current and comprehensive information 
on such an important subject are thought 
to outweigh this possible objection. 

Accurate measurement of bone mineral 
content may be an important tool in the 
early clinical diagnosis of certain metabolic 
bone diseases, in particular, osteoporosis. 
Further, a sensitive method is important in 
the treatment of metabolic bone disease 
and detecting abnormality early enough for 
appropriate management in such diseases 
as renal osteodystrophy. Such detection 
methods also become important in the 
study of the pathogenesis of many disease 
processes and their effects on bone, whether 
direct or indirect. 

For example, when we attempted to iden- 
tify patients with osteopenia in an attempt 
to link spinal osteopenia with alveolar bone 
osteopenia (periodontal disease) [1], we 


gathered cases from the New York Hospital 
with the diagnosis of osteopenia. An aston- 
ishing number of these patients also were 
found to have diabetes mellitus. It was not 
clear whether the osteopenia was secondary 
to some complication of diabetes, a direct 
effect of the disease on bone, or due to 
treatment of the disease (i.e., insulin or 
diet). The abstract by Rinje et al. seems to 
indicate that it is a direct effect of disease 
or its treatment. In studying the bone 
mineral content in patients treated with 
anticonvulsants or various forms of vitamin 
D, Christiansen and Rodbro have shed new 
light on the mechanism of the production of 
osteomalacia and also on the metabolism of 
vitamin D. These are just a few examples in 
which the technique of bone mineral mea- 
surement may give new insights into the 
pathogenesis of disease processes. 

With expanding applications of computed 
tomography, it is of particular interest to 
discover work being done on the place of 
CT scanning in determining bone composi- 
tion and the “density” of the components 
of bone. Elsasser and Ruegsegger offer 
some preliminary results. 

This section of abstracts if offered as an 
overview of bone mineral technology; its 
application to various clinical situations; 
and its relationship to certain disease pro- 
cesses and the mechanisms by which they 
affect bone. Hopefully reader interest in 
these reports will justify their presentation 
here. 

Joser P. WHALEN 


REFERENCE 
1. Krook L, Whalen JP, Lesser GV, Berens DL: Ex- 


perimental studies on osteoporosis, in Methods and 
Achievements in Experimental Pathology, edited by 
Jasman G and Cantin M, Basel, Karger, 1975 
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AMERICAN ROENTGEN RAY SOCIETY 


ANNUAL 


The 77th annual meeting of the society 
(ARRS) will feature an expanded program 
of 96 papers when it opens in Washington, 
D.C. The meeting will run September 21- 
24 with double sessions each day to ac- 
commodate the enlarged scientific program. 

Papers have been grouped into categories, 
so that radiologists seeking a series of re- 
ports on a subject will find them in an ap- 
propriate cluster. The ARRS program com- 
mittee has also tried to keep the needs of 
the general radiologist in mind, according 
to Seymour F. Ochsner, ARRS president- 
elect. 

The meeting will formally open Tuesday, 
September 21, at 8:30 a.m. with the in- 
stallation of the new president by outgoing 
president Ted F. Leigh and Hymer L. 
Friedell, chairman of the executive council. 
Ochsner will deliver a presidential address 
before the scientific sessions begin. The fol- 
lowing day Elias G. Theros, professor of 
radiology at the University of California, 
Los Angeles, will deliver the 1976 Caldwell 
Lecture. His topic is “The Varying Mani- 
festations of Pulmonary Neoplasms.” Theros 
previously was chief and registrar, Ameri- 
can Registry of Radiologic Pathology of the 
Armed Forces Institute of Pathology. 

“Instruction courses under the able di- 
rection of Eugene Gedgaudas, will be pre- 
sented as usual during the meeting,” 
Ochsner adds. A course program and regis- 
tration information will be published in the 
July issue. At least a dozen courses will be 
offered daily on a variety of subjects. 
Courses 14 hr in length will be held Sep- 
tember 20-24. A special categorical course 
on bone and joint radiology will begin the 
afternoon of Sunday, September 19, and 
continue afternoons through Thursday, 
concluding on Friday morning. A number 
of experts will be involved in the 16 hr of 
concentrated bone and joint instruction. 


MEETING 


As in past years, there will be award 
paper presentations. Societies sponsoring 
the awards include the Society for Pediatric 
Radiology, the Society for Neuroradiology, 
and the Society of Gastrointestinal Radi- 
ologists. Also scheduled* is the ARRS 
President’s Award paper, the paper judged 
by the research and education committee 
to be the best submitted by a resident (co- 
authors permitted) on a clinical application 
of radiology. The winner receives a $1,000 
honorarium, a certificate, and the oppor- 
tunity to present the paper at the annual 
meeting. 

Scientific and technical exhibits will be 
open throughout the meeting. Richard C. 
Pfister heads the scientific exhibits com- 
mittee while George A. Kling is in charge of 
technical exhibits. 

Ochsner reports that a number of soci- 
eties will hold meetings sequential to the 
ARRS, including the Societies for Pediatric 
Radiology, Uroradiology, Photo-optical In- 
strumentation Engineers, and the American 
Thermographic Society. 

Social events will include the annual golf 
tournament, a tennis tournament, ladies’ 
program, and reception for all registered 
physicians and wives. The golf and tennis 
tournaments are open to nonsociety mem- 
bers. Information and registration forms 
for the golf tourney are available from 
Ralph M. Caulk, Department of Radiology, 
Washington Hospital, 110 Irving Street, 
N.W., Washington, D.C. 20010. Tennis 1n- 
formation and forms may be obtained from 
Bruce L. McClennan, Department of Ra- 
diology, George Washington University 
Hospital, Washington, D.C. 20006. All 
ARRS members will receive tournament in- 
formation. 

ARRS registration and housing forms 
follow the preliminary program information 
at the end of this article. 
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Preliminary Program 


77th ANNUAL MEETING AMERICAN ROENTGEN 
RAY SOCIETY 


September 21-24, 1976 


e Washington Hilton Hotel 


Tuesday, Sept. 21 
8:30 a.m. 


Call to order 77th annual meeting: Ted F. Leigh, Atlanta, Georgia, president 
Installation of President-Elect Seymour Fiske Ochsner, New Orleans, Louisiana by Ted F. Leigh and Hymer 
L. Friedell, Cleveland, Ohio, chairman, executive council 


Presidential Address: Seymour F. Ochsner 


9 a.m. 
I. Pediatric Radiology/Mammography 


Award Paper, John Caffey Award, Society of Pe- 
dratric Radiology 


Problem of low radiation doses in radiologic prac- 
tice. GV Dalrymple, ML Baker, J Vandergrift, 
Little Rock, Arkansas 


Infantile and juvenile cerebral aneurysms. S Bat- 
nitzky, J Muller, Indianapolis, Indiana 


Horner’s syndrome in children, protean roent- 
genographic manifestions. AS Tucker, MW Levin- 
sahn, Cleveland, Ohio 


Persistence of the fetal circulation: radiological 
considerations. EF Silverstein, K Ellis, WJ Casa- 
rella, WM Gersony, CN Steeg, New York, New York 


The effect of breathing 100% oxygen on the an- 
giographic demonstration of left to right shunts in 
the pediatric age group. H Spindola-Franco, R 
Eisenberg, Bronx, New York 


Necrotizing enterocolitis following open heart sur- 
gery employing hypothermia and cardiopulmonary 
bypass. PK Kleinman, P Winchester, PW Brill, 
New York, New York 


Acute bowing fractures of the forearm in chil- 
dren—a frequently missed injury. JE Crowe, Win- 
sten-Salem, North Carolina, LE Swischuk, Galves- 
ton, Texas 


Moorning-glory disc and defect of the base of skull. 
HY Yune, FD Ellis, Indianapolis, Indiana 


Low-dose radiography in pediatric radiology. RL 
Wesenberg, R Rossi, S Hilton, Denver, Colorado 


Min-R mammography. RH Mintzer, HJ Matthies, 
HL Neiman, LF Rogers, PJP Lin, Chicago, Illinois 


Dose reduction in Xeroradiography of the breast. 
JN Wolfe, W Van de Riet, Detroit, Michigan 


9 a.m. 
II. Urologic Radiology/Oncology 


Emergency percutaneous nephropyelostomy—ex- 
perience with 30 patients. ZL Barbaric, BP Wood, 
Rochester, New York 


Percutaneous (antegrade) pyelography in the 
adult. RC Pfister, JH Newhouse, IC Yoder, Boston, 


Massachusetts 


The spectrum of urologic disease in regional en- 
teritis. GD Kruglik, HL Neiman, LF Rogers, EJ 
Nudelman, Chicago, Illinois 


Complications of renal cyst puncture and aspira- 
tion (a survey). E Lang, Shreveport, Louisiana 


Roentgenologic manifestations of renal carcinoma 
bone metastases. GS Forbes, RA McLeod, RR 


Hattery, Rochester, Minnesota 


High dose urography : instance and relationship to 
spontaneous peripelvic extravasation. ME Berna- 
dino, BL McClennan, Washington, D.C. 


The role of roentgenology, nuclear medicine and 
ultrasound in the diagnosis of urine extravasation 
following renal transplantation. D Spigos, W Tan, 
A Roddy, D Pavel, W Kaplan, O Jonasson, V Capek, 
Chicago, Illinois 


The application of newer screen-film systems to 
excretion urography. DF Stables, R Rossi, Denver, 
Colorado 


Renal transitional-cell carcinomas—how diag- 
nostic is the angiogram? SM Goldman, CH Meng, 
RI White Jr, RC Naraval, SS Siegelman, AB 
Diamond, SL Kaufman, DR Harrington, Baltimore, 
Maryland 


A modified radiation therapy regimen for Hodg- 
kin’s disease in the third trimester of pregnancy. 
JG Conley, A Jacobson, Louisville, Kentucky 
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Clinically occult vs. mammographically occult 
breast cancers: a comparative study of 117 lesions 
detected on screening 16,754 women. SA Feig, GF 
Schwartz, GS Shaber, HI Libshitz, J Edeiken, R 
Newlinger, R Curley, JD Wallace, Philadelphia, 
Pennsylvania 


Wednesday, Sept. 22 
8:30 a.m. 
I. Chest Radiology 


Breast thermography: demonstration of differen- 
tial vascular patterns in breast carcinoma. CHJ 
Chang, JL Sibala, NL Martin, Kansas City, Kansas 


The effect of energy (kVp) on the detectability of 
pulmonary nodules. EE Christensen, GW Dietz, 
RC Murry, JG Moore, EM Stokely, Dallas, Texas 


Air in the esophagus: a frequent roentgen finding. 
AV Proto, EJ Lane, Syracuse, New York 


Accuracy and specimen adequacy of percutaneous 
lung biopsy. WR Boyd, GL Ballard, Loma Linda, 
California 


Non-malignant lymphoid disorders of the chest 
(a radiologic-pathologic correlation study). DS 
Feigin, FM King, Washington, D.C., SS Siegelman, 
Baltimore, Maryland, EG Theros, Los Angeles, 
California 


The course of methotrexate induced lung disease. 
CE Putman, HD Sostman, RA Matthay, GJ Walker 


Smith, New Haven, Connecticut 


PEEP: radiographic features and associated com- 
plications. TC McLoud, PG Barash, CE Ravin, 
New Haven, Connecticut 


The pulmonary manifestations of adult leukemia. 
S Ulreich, TC Mcloud, CE Putman, New Haven, 
Connecticut 


Mediastinitis from odontogenic and deep cervical 
infections: anatomical pathways of propagation. 
R Moncada, R Warpeha, J Pickleman, M Spak, M 
Cardosa, O Stuteville, H White, Maywood, Illinois 


Factors predisposing to dissecting aneurysm of 
the aorta. JA Michal III, RB Jaffe, Salt Lake City, 
Utah 


Radiology of the respiratory diaphragm. AF 
Govoni, JP Whalen, New York, New York 


PRELIMINARY PROGRAM 


Growth arrest of pulmonary metastases in papil- 
lary thyroid carcinoma. HY Kressel, GL Kalifa, 
WR Webb, G Gamsu, San Francisco, California 


Redistribution and regeneration patterns of bone 
marrow after extended field radiation in Hodg- 
kin’s disease. P Rubin, RE O’Mara, D Nelson, 
C Scarantino, Rochesterp New York 


Computerized tomography scanning and compu- 
terized radiation therapy treatment planning. GL 
Jelden, Cleveland, Ohio 


8:30 a.m. 
II. Angiography 
Award Paper, American Society of Neuroradiology 


Fluoroscopically aided femoral artery puncture. 
CT Dotter, J Rösch, M Robinson, Portland, Oregon 


Hemodynamically significant anomalies of the 
coronary arteries. DC Levin, K Fellows, HL Abrams, 
Boston, Massachusetts 


Collateral circulation and regional myocardial 
contractility. TA Sos, Boston, Massachusetts 


The combined use of roentgen angiography and 
radioisotope (computer processed) angiography in 
the diagnosis of great vessel diseases. DG Pavel, 
DG Spigos, E Byron, V Capek, Chicago, Illinois 


Predictors of success and survival in the treat- 
ment of variceal bleeding by selective intra- 
arterial vasopressin infusion. SL Kaufman, DP 
Harrington, KH Barth, WC Maddrey, RI White Jr, 


Baltimore, Maryland 


Importance of arteriography in preoperative eval- 
uation of pancreatic pseudocysts. DC Levin, H 
Eisenberg, R Wilson, Boston, Massachusetts 


The role of subselective angiography in the diag- 
nosis of islet cell tumors of the pancreas. ME 
Clouse, P Costello, Boston, Massachusetts 


The value of hepatic venography and wedge he- 
patic vein pressure measurements in diffuse liver 
disease. JA Cavaluzzi, DP Harrington, SL Kaufman, 
KH Barth, WC Maddrey, RI White Jr, Baltimore, 
Maryland 


Selective renal occlusion phlebography with a 
balloon catheter. D Novak, J Weber, Hamburg, 
West Germany 


Therapeutic balloon occlusion of the inferior vena 
cava. JP Petasnick, JA Hunter, R Sessions, Chicago, 
Illinois 


PRELIMINARY PROGRAM 


Wednesday, Sept. 22 
11:30 a.m. 
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Caldwell Lecture: The varying manifestations of pulmonary neoplasms: a roentgenologic-pathologic cor- 


relative study. Elias G. Theros, Los Angeles, California 


Thursday, Sept. 23 ° 
8:30 a.m. 
I. Gastro-Intestinal/Biliary Radiology 


Award Paper. The Society of Gastrointestinal Ra- 
diologists 


The radiologic manifestations of idiopathic intesti- 
nal pseudoobstruction. MD Schuffler, FE Temple- 
ton, CA Rohrmann, Seattle, Washington 


Calcified primary tumors of the gastrointestinal 
tract. GG Ghahremani, MA Meyers, RB Port, 
Richmond, Virginia 


Gastrointestinal manifestations of adult hepato- 
renal polycystic disease. S Ulreich, M Burrell, 
R Lowman, New Haven, Connecticut 


Bleeding pyloroduodenal ulcers and intraarterial 
vasopressin: clinical results. AC Waltman, D 
Schaffer, CA Athanasoulis, RA Novelline, WC Wood, 
LW Ottinger, Boston, Massachusetts 


Inflammatory manifestations and gangrene of the 
transverse colon secondary to pancreatitis. WM 
Thompson, FM Kelvin, RP Rice, Durham, North 


Carolina 


Cathartic colon. Seuk Ky Kim, TR Simon, R 
Rozanski, Syracuse, New York 


The effect of bile salts on the biliary excretion of 
radiographic contrast materials. RN Berk, PM 
Loeb, A Coco-Frankel, J Lee Barnhart, Dallas, Texas 


10:30 a.m. 
Announcement of Scientific Exhibits Awards 


Infusion tomography of the gallbladder: a clinical 
and experimental assessment of its value. R Mon- 
cada, M Cardosa, R Danley, J Rodriguez, K Kimura, 
J Pickleman, H Byun, Maywood, Illinois 


Systemic absorption of Diatrizoate during endo- 
scopic retrograde cholangiopancreatography (ERC). 
FX Bride, P Mayer Loeb, RN Berk, J Manton, 
Dallas, Texas 


Choledochal cyst in adults. GG Ghahremani, CT 
Lu, RM Woodlief, VP Chuang, Richmond, Virginia 


Fine needle transhepatic cholangiography: a new 
approach to obstructive jaundice. JT Ferrucci Jr, 
J Wittenberg, R Sarno, JR Dreyfuss, Boston, Massa- 
chusetts 


8:30 a.m. 
II. Angiography/Orthopedic Radiology 
President’s award paper 


Saralasin infusion: a screening test for renal vas- 
cular hypertension. CJ Tegtmeyer, EA Latour, CR 
Ayers, D Vaughan Jr, RM Carey, Charlottesville, 
Virginia 

A method to determine the minimal visualizable 
blood vessel diameter in magnification angiog- 
raphy. T Sandor, DF Adams, Boston, Massachusetts 


Transcatheter pressure sensor—clinical applica- 
tion. CT Dotter, TB Hutchins IV, Portland, Oregon 


Electromagnetic rheo-angiometry: an extension 
of selective angiography. A Kolin, RN MacAlpm, 
RJ Steckel, Los Angeles, California 


Radiology in surgical decompression of exophthal- 
mos. GD Potter, New York, New York 


Supine myelography in patients with spinal dys- 
raphism. PJ Sones, Atlanta, Georgia 


Aspects of cervical spine trauma: the mach effect 
at C-2. RH Daffner, Louisville, Kentucky 


10:30 a.m. 
Announcement of Scientific Exhibits Awards 


Discogenic vertebral sclerosis. DD Sauser, A Beth 
Goldman, JJ Kaye, New York, New York 


Radiology of shoulder joint prostheses. F Jaffer 
SM Wyman, Boston, Massachusetts 


Osteitis deformans of the hip joint. AB Goldman, 
P Bullough, S Kammerman, M Ambos, New York, 
New York 


Myositis ossificans: value of angiography in the 
differential diagnosis. | Yaghmai, Richmond, Vir- 
ginia 

Injuries of the medial epicondylar ossification 


center of the humerus. LF Rogers, J Chessare, 
MO Tachdjian, Chicago, Illinois 
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The endoscopic retrograde intrahepatic cholangio- 
gram, radiographic findings in intrahepatic disease. 
CA Rohrmann Jr, HJ Ansel, EA Ayoola, SE Silvis, 
JA Vennes, Seattle, Washington 


Correlation of pathology, angiography and radio- 
isotope scanning in the diagnosis of benign liver 
tumors. WJ Casarella, PM Johnson, D Knowles, M 
Wolf, New York, New York 


Visualization of the lateral surface of the liver 
(Hellmer’s sign) secondary to extra-peritoneal 
fluid collections. D Wixson, E Kazam, JP Whalen, 
New York, New York 


Friday, Sept. 24 
8:30 a.m. 
I. Computerized Tomography/General Radiology 


A statistical description of the “normal” compu- 
terized brain scan. DF Reese, PC O’Brien, GW 
Beeler Jr, EC McCullough, Rochester, Minnesota 


Computerized tomography of brain abscess. LC 
Chiu, JC Jensen, SH Cornell, JH Christie, Iowa 
City, Iowa 


Computerized tomography in diseases of the 
chest. SLG Rothman, WE Allen III, CE Putman, 
HC Redman, New Haven, Connecticut 


CAT in the diagnosis of obstructive jaundice. HL 
Stein, JB Naidich, RA Hyman, Manhasset, New 
York 


Computerized tomography of the spine. SLG Roth- 
man, A Iosue, WE Allen III, SC Orphanoudakis, 
New Haven, Connecticut 


Computed tomography in the evaluation of genito- 
urinary tract pathology. SA Kieffer, ET Dailey, 
WM Dinn, Syracuse, New York 


Computerized tomography with the GE five-second 
body scanner. M Korobkin, D Boyd, San Francisco, 
California 


Hyperthyroidism: does radioiodine therapy repre- 
sent a health hazard? GV Dalrymple, CM Boyd, 
Little Rock, Arkansas 


Radiological diseases in exotic animals which 
have human equivalents. M Bush, AE James Tr, 
Nashville, Tennessee 


PRELIMINARY PROGRAM 


Subchondral bone cysts (geodes) in arthritic dis- 
orders: pathogenesis and roentgen appearance. 
D Resnick, G Niwayama, RD Coutts, San Diego, 
California 


Parosteal (juxta-cortical) osteogenic sarcoma— 
roentgen findings in a series of 30 patients. J 
Smith, S Ahuja, A Villaein, P Bullough, A Huvos, 
R Marcove, New York, New York 


8:30 a.m. 
II. Ultrasonography/General Radiology 


Combined mammographic-sonographic evalua- 
tion of breast masses. HS Teixidor, E Kazam, 
New York, New York 


Diagnosis of gynecologic pelvic masses by grey 
scale ultrasonography. An analysis of criteria, ac- 
curacy and specificity. TL Lawson, JN Albarelli, 
Washington, D.C. 


Combined radionuclide and ultrasonic assessment 
of abdominal masses in children. GF Gates, JH 
Miller, Los Angeles, California 


Evaluation of the non-functioning kidney by 
sonography. M Behan, E Kazam, D Wixson, WR 
Pitts Jr, New York, New York 


The role of grey-scale ultrasonography in the diag- 
nosis of medullary cystic disease of the kidney. 
A Ted Rosenfield, NJ Siegel, KJW Taylor, New 


Haven, Connecticut 


Comparison of ultrasound and isotope examina- 
tion of the liver. KJW Taylor, D Sullivan, AT 
Rosenfield, New Haven, Connecticut 


Ultrasound of biliary duct system, a comparison 
with percutaneous transhepatic cholangiography. 
HL Neiman, RA Mintzer, Chicago, Illinois 


Methods for pre- and post-operative radiologic 
evaluation of the pancreatic ducts. MK Bilbao, 
Portland, Oregon 


Radionuclide perfusion lymphangiography: a fol- 
low-up report. RJ Steckel, S Furmanski, JD Collins, 
N Poe, Los Angeles, California 


Advance Registration: 77th Annual ARRS Meeting 
Washington, D.C., Sept. 21-24, 1976 
If you plan to attend, please fill out the following form. 


Official badges and program booklets will be available at the registration desk in the 
Washington Hilton Hotel at the time of the meeting. 


Preregistration by mail will be accepted only until September 3, 1976. 


MAIL TO: THE AMERICAN ROENTGEN RAY SOCIETY 
20 North Wacker Drive, Suite 2920, Chicago, Illinois 60606 


Check one box, and include the proper fee in your envelope: 
C] Member of the American Roentgen Ray Society (no fee). 
[] Non-member (registration fee $25.00). 


[] Physician in training (registration fee $15.00). Be sure to include the certification on bottom 
of this form. 


Please print or type: O Check here if you wish a program of events 
for ladies. Indicate the address te which this 

ee ee eee is to be sent. 

A a ees Name 

i, a Ee ee a eT Street 

State or Province and zip = City 


State or Province and zip 


FOR PHYSICIANS IN TRAINING: 


is in training in my department. 
Department Chief 


Date Institution 


APPLICATION FOR HOTEL RESERVATIONS 
AMERICAN ROENTGEN RAY SOCIETY—SEPTEMBER 19-24, 1976 
PARTICIPATING HOTELS AND RATES 


Doubles Twins 
Singles starting at starting at 
. starting at (2 people) (2 people) 
Washington Hilton $32 $44 $44 
Statler Hilton $32 $44 $44 
Embassy Row $38 $48 $48 


RETURN APPLICATION BEFORE SEPTEMBER 1, 1976 to: 


ARRS Housing Bureau 
1129 20th Street, N.W. 
Washington, D.C. 20036 


NOTE: All changes and cancellations must be made through housing bureau. 


Please reserve the following accommodations: 


Single room —— Double-bed room ____ Twin-bed room 





____ Parlor and bedroom suite —— Parlor and two bedroom suite 
First choices, hotel «SC Second choice, hotel _ snin 
Third choice, hotel 


Arrival date sis, Hout A) (P.M.) 














Departure date inm Hour (Am.) (P.M.) 


(Reservations will be held until 6 P.M., unless requested otherwise.) 


Names and addresses of all occupants of rooms: Incomplete information will delay hotel assignment. 
T ONENE EIE ES A RAE E EEA Name 


PROS Sc Address 


























City State Zip A State Zip 
i, an Name 

AORE isa ees Address 

City... State Zip City MM Srate Zip 


E o E e. Requesting | ey PON Name 


Address 


oT a State Zip 











Paul A. Bishop, a superior physician who made 
numerous contribftions to the literature of ob- 
stetrical and urographic radiology, died January 
6, 1976 at the age of 79. 

Dr. Bishop received his premedical training 
in Indiana and in Philadelphia, Pennsylvania at 
Jefferson Medical College. He was awarded his 
mecical degree from Jefferson Medical College 
in 1920. After graduating from Jefferson, he ac- 
cepted a two-year internship at Episcopal Hos- 
pital, Philadelphia, 1920-1922. Later he served 
as chief resident physician, Episcopal Hospital, 
1922-1924. Dr. Bishop served his preceptorship 
in roentgenology under David R. Bowen at 
Pennsylvania Hospital, Eighth and Spruce 
streets, Philadelphia, 1925-1928. That period 
was one of “continuing inquiry and achieve- 
ment” in several Philadelphia medical institu- 
tions and the local, state, and national medical 
societies. The “practice of roentgenology’’ in 
particular was on a high level and was capturing 
wor d-wide attention. In Philadelphia, there 
was an excellent esprit de corps among the senior 
roentgenologists and other leaders in the fields 
of medicine and surgery. 

Dr. Bishop was certified as a “diplomate” of 
the American Board of Radiology in 1934. Also 
that year, he became director of the Depart- 
ment of Radiology, Pennsylvania Hospital, a 
position he held until retirement 28 years later 
in 1962. From 1951-1953, he also was president 
of the medical staff at Pennsylvania Hospital, 
and from 1934-1949 he was chief radiologist at 
Deleware County Hospital. Between 1955-1966, 
Dr. Bishop was professor of radiology at the 
University of Pennsylvania School of Medicine 
and its graduate School of Medicine. On retire- 
ment, he became professor emeritus. 

Dr. Bishop was active in numerous profes- 
sional and civic organizations, serving at varl- 
ous times as president of the Philadelphia 
Roentgen Ray Society (1933), first vice presi- 
dent of the American Roentgen Ray Society 
(1941), member of the executive council of the 
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American Roentgen Ray Society (1948-1951), 
and in his later years, as secretary of the Phila- 
delphia Lyric Opera Company (1965-1976). He 
excelled in a variety of activities, including 
photography and golf. In 1950, he and Gene 
Pendergrass shared the Willis Manges trophy of 
the American Roentgen Ray Society’s annual 
golf tournament. 

Paul Bishop was a superior physician. On 
many occasions, his searching inquiry provided 
diagnostic information where others using the 
same tools had failed. Examples of his explora- 
tions include studies of chronic draining sinuses 
and of bone changes in fluorine intoxification. 
He also made numerous contributions to the 
literature of obstetrical and urographic radiol- 
ogy. Perhaps the crowning achievement of his 
career was the 1965 publication of his book 
Radiologic Studies of the Gravid Uterus, a sum- 
mation of more than 35 years of painstaking ob- 
servation. 

Paul Bishop was a distinguished physician 
who was blessed with charm and a gocd dis- 
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position. His attributes were enhanced by his 
lovely wife, Ruth Baxter Bishop. A visit to 
their home was an experience cherished by their 
friends. Dr. Bishop’s explorations in the vine- 
yards of education, science, and day-to-day 
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living provide a challenge for those of us who 
follow him. 

Eugene P. Pendergrass 

William J. Truddenham 
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Receipt of books is acknowledged as a courtesy to the sender. 
Books that appear of sufficient interest will be reviewed as space 
permits. 


Cancer of the Head and Neck (Proceedings of an 
International Symposium, Montreux-Switzerland, 
April 2-4, 1975). Edited by R. G. Chambers, A. M. P. 
Jansen de Limpens, D. A. Jaques, R. T. Routledge. 
New York: American Elsevier Publishing Co., paper, 
365 pp., illustrated, 1975. $53.95 


Fundamentals of Abdominal and Pelvic Ultra- 
sonography. By George R. Leopold and W. Michael 
Asher. Philadelphia: W. B. Saunders Co., 267 pp., 
254 illustrations plus 12 color plates, 1975. $21.50 


Fundamentals of Radiology. By Lucy Frank Squire. 
Cambridge, MA: Harvard University Press, 366 pp., 
numerous illustrations, 1975. $17 


Diagnostic Nuclear Medicine. Edited by Alexander 
Gottschalk. Baltimore: Williams & Wilkins Co., 590 
pp., numerous illustrations, 1976. $40 


Flash Radiography. By Francis Jamet and Gustav 
Thomer. New York: Elsevier Scientific Publishing 
Co., 192 pp., illustrated, 1976. $33.95 


Oral Roentgenographic Diagnosis, fourth edition. 
By Edward C. Stafne and Joseph A. Gibilisco. Phila- 
delphia: W. B. Saunders Co., 478 pp., 670 illustra- 
tions, 1975. $20 


Panoramic Dental Radiography. By Lincoln R. 
Manson-Hing. Springfield, IL: Charles C Thomas 
Co., 183 pp., numerous illustrations, 1975. $32.50 


Pediatric Nuclear Medicine. Edited by Leonard M. 
Freeman and Donald M. Blaufox. New York: Grune 
& Stratton, Inc., 211 pp., illustrated, 1975. $15 


Radioimmunoassay. Edited by Leonard M. Free- 
man and M. Donald Blaufox. New York: Grune & 
Stratton, Inc., 162 pp., illustrated, 1975. $14.50 


Radiology of the Orbit. By Glyn A. S. Lloyd. Phila- 
delphia: W. B. Saunders Co., 216 pp., 288 illustra- 
tions, 1975. $22.50 


Radionuclide Studies of the Genitourinary System. 
Edited by Leonard M. Freeman and M. Donald 
Blaufox. New York: Grune & Stratton, Inc., 220 pp., 
illustrated, 1975. $14.50 


NEWS ITEMS 


ee eees——00——oOoomo—=m—™m—=—— 


NUCLEAR MEDICINE MEETING 


Western regional chapters of the Society 
of Nuclear Medicine will sponsor the 
Society’s first annual meeting October 1-3 
at the Fairmont Hotel in San Francisco, 
California. General chairman is Leon 
Kaufman, Ph.D., Stanford University 
Medical Center. Administrative coordi- 
nator is Jean Lynch, P. O. Box 40279, 
San Francisco, California 94140. 


NUCLEAR MEDICINE PRINCIPALS 


A special summer program “Principals 
of Nuclear Medicine” will be July 12-16 at 
the Massachusetts Institute of Technology, 
Cambridge, Massachusetts. Topics will 
include instrumentation, radiopharma- 
ceuticals, dosimetry, data processing, plus 
specific organ studies and therapy. The 
program is sponsored jointly by M.I.T. 
and the Harvard Medical School. For more 
information, write: Director Summer Ses- 
sions, Room E10-356, Massachusetts Insti- 
tute of Technology, Cambridge, Massa- 
chusetts 02139. 


COMPUTERIZED AXIAL TOMOGRAPHY 


A course, “Physical Aspects of Com- 
puterized Axial Tomography,” will be of- 
fered by the Massachusetts Institute of 
Technology and the Harvard Medical 
School, July 19-23 at M.I.T. Topics are the 
physics of radiation interaction with bio- 
logical tissues, instrumentation, algorithm 
development and computer systems for 
image reconstruction, use of contrast 
agents, artifacts—cause and cure, and 
specialized areas of imaging. Additional 
information is available from the Director 
of Summer Sessions, Room E10-356, Mas- 
sachusetts Institute of Technology, Cam- 
bridge, Massachusetts 02139. 


ULTRASOUND COURSES 


A series of three 10-week postgraduate 
courses in sonic medicine will be offered at 
Bowman Gray School of Medicine. These 


courses are designed to provide back- 
ground, techniques, experience, and knowl- 
edge to enable an individual to set up both 
an ultrasonic laboratory and a training 
program. Courses will be offered Septem- 
ber 27-December 3, 1976; January 10- 
March 18, 1977; and April 11-June 17, 
1977. Participants may attend the entire 
course or portions. Graduates receive 30 
credit hours per week in Category I. 

The program will cover acoustics, 1n- 
strumentation, scanning, and applications 
to obstetrics, gynecology, ophthalmology, 
adult and pediatric cardiology, abdomen, 
breast, radiation therapy planning, urinary 
tract, and nervous system. 

For further information, write: Dr. 
James F. Martin, director, Postgraduate 
Medical Sonics, Bowman Gray School of 
Medicine, Winston-Salem, North Carolina 


27103. 
BONE AND JOINT RADIOLOGY 


An intensive three-day course which re- 
views radiologic, physiologic, and ortho- 
pedic aspects of bone and joint disease will 
be October 25-27 in Cambridge, Massachu- 
setts. Metabolic bone disease, bone tumors, 
arthritis, trauma, arthrography, arthros- 
copy, and joint replacement will be dis- 
cussed. Sponsored by the Department of 
Radiology, Harvard Medical School, the 
course is designed primarily to suit the 
needs of general radiologists, radiologists 
specializing in bone and joint problems, 
and orthopedic surgeons. The course is 
accredited for 19.5 hours of Category I 
credit for the AMA’s Physicians’ Recog- 
nition Award. 

Information is available by writing the 
Associate Dean, Department of Continu- 
ing Education, Harvard Medical School, 
25 Shattuck Street, Boston, Massachusetts 
oZiiý. 


ANGIOGRAPHY 1976 


A course designed for radiologists who 


eo 


1328 


participate in or intend to perform inter- 
ventional and angiographic studies will be 
October 11-14 at the Copley Plaza Hotel in 
Boston, Massachusetts. Sponsored by the 
Department of Radiology in cooperation 
with the Department of Continuing Edu- 
cation, Harvard Medical School, the course 
is titled “Angiography 1976: Interven- 
tional Radiology.” The course is accredited 
for 26 hours of Category I credit toward the 
AMA’s Physicians’ Recognition Award. 

Additional information is available from: 
the Associate Dean, Department of Con- 
tinuing Education, Harvard Medical 
School, 25 Shattuck Street, Boston, Massa- 
chusetts 02115. 


SKELETAL SYSTEM COURSE 


An international faculty will present 
courses on the skeletal system September 
13-15 at the Queen Elizabeth Hotel in 
Montreal, Canada. The International Skel- 
etal Society will sponsor the refresher 
course conducted by eminent specialists in 
skeletal disorders encompassing radiol- 
ogy, pathology, orthopaedic surgery, rheu- 
matology, endocrinology, and epidemi- 
ology. Registration fees are $175 for consul- 
tant physicians; $125 for those with trainee 
status. Direct inquiries to Dr. Jack 
Edeiken, secretary-treasurer, International 
Skeletal Society, Radiology Department, 
Thomas Jefferson University Hospital, 
11th and Walnut Streets, Philadelphia, 
Pennsylvania 19107. 


CANCER CHEMOTHERAPY SYMPOSIUM 


A symposium titled “Progress, Promise, 
and Controversy in Cancer Chemotherapy”’ 
will take place in New York City October 
22 and 23 at the Barbizon Plaza Hotel. 
Panel members include G. Bonadonna, Paul 
Carbone, Bernard Fisher, James Holland, 
Lucien Israel, and Leonard Price. The 
Chemotherapy Foundation is symposium 
sponsor. For registration information, con- 
tact: Dr. Ezra M. Greenspan, Mount Sinai 
Medical Center, Fifth Avenue and tooth 
Street, New York, New York 10029. 
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CHEST DISEASE COURSE 


“Chest Disease: 1976, an Interdisciplin- 
ary Approach with Emphasis on Radiol- 
ogy” will be October 18-22 at the Hyatt 
Regency Hotel in Cambridge, Massachu- 
setts. The course is designed for radiolo- 
gists, chest physicians, internists, thoracic 
surgeons, and other practitioners who deal 
with chest diseases. Sponsor is the Harvard 
Medical School Departmertt of Radiology. 
Course aim is to provide a multi-disciplin- 
ary integrated review of pulmonary ab- 
normalities with special emphasis on the 
radiologic method. The course is accredited 
for 30 hours of Category I credit for the 
AMA’s Physicians’ Recognition Award. 

Additional information is available from 
the Associate Dean, Department of Con- 
tinuing Education, Harvard Medical 
School, 25 Shattuck Street, Boston, Massa- 
chusetts 02115. 


PAEDIATRIC NEUROSURGERY MEETING 


The International Society for Paediatric 
Neurosurgery will hold its annual meeting 
in Wurzburg, West Germany, September 
25-28. Information is available from Dr. 
Karl Bushe, Director of the Neurosurgery 
Clinic, Josef Schneider Strasse II, 87 Wurz- 
burg BRD, West Germany. 


NUCLEAR MEDICINE 
REFRESHER COURSE 


The Central Chapter of the Society of 
Nuclear Medicine will present a graduate 
refresher course in Chicago, Illinois August 
21-25, 1976. The course is designed to pro- 
vide comprehensive review of the basic 
science and clinical aspects of nuclear medi- 
cine and to discuss the most current appli- 
cations of nuclear medicine techniques. 
Registration fee is $200. Technologists who 
wish to attend only the basic science sec- 
tion August 21-22 will be accepted on a 
space available basis for a fee of $75. Addi- 
tional information is available from Dr. 
Robert E. Henkin, Department of Nuclear 
Medicine, Loyola University Medical Cen- 
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ter, 2160 South First Avenue, Maywood, 
Illinois 60153. 


DIAGNOSTIC RADIOLOGY POST- 
GRADUATE COURSE 
The Department ef Radiology, Univer- 
sity of California, San Diego, will present a 
postgraduate course on recent advances in 
diagnostic radiology. The course is slated 
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for October 26-29 at Vacation Village 
Hotel and Convention Center, Mission 
Bay, San Diego, California. Designed for 
the practicing radiologist, the sessions will 
cover ultrasound (abdominal and real time) 
and head and body computed tomography. 
Registration fee is $250. Information 1s 
available from Nomi Feldman, Box 705, 
La Jolla, California 92038. 
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Cardiac rotation in left lower lobe collapse: 
“the flat waist sign.” Kattan KR, Wiot JF 


CARDIOVASCULAR 


Adrenal venography and ultrasound in the 
investigation of the adrenal gland: an 
analysis of 58 cases. Davidson JK, Mor- 
ley P, Hurley GD, Holford GH 

Renal artery dissection: a complication of 
catheter arteriography. Talner LB, Mc- 
Laughlin AP, Bookstein JJ 

Radiographic appearance of the thorax in 
systolic click-late systolic mumur syn- 
drome. Bon Tempo CP, Ronan JA Jr, de 
Leon AC Jr, Twigg HL 

Comparison of angiographic and postmor- 
tem findings in patients with coronary 
artery disease. Schwartz JN, Kong Y, 
Hackel DB, Bartel AG 


GASTROINTESTINAL 


Angiographic patterns in experimental ob- 
struction of the small bowel. Wojtowicz 
J, Wirga Z, Wirga E 

The normal endoscopic pancreatogram. 
Varley PF, Rohrmann CA Jr, Silvis SE, 
Vennes JA 

Adenomyomatosis of the gallbladder. Ram 
MD, Midha D 

Plain-film findings in severe pseudomem- 
branous colitis. Stanley RJ, Melson GL, 
Tedesco FJ, Saylor JL 


GENITO-URINARY 


Reflux and trapping. Weiss RM, Schiff M 
Jr, Lytton B 

Investigation of ureteric function with si- 
multaneous intraureteric pressure re- 
cordings and ureteropyelography. Ulmsten 
U, Diehl J 

Uterine artery calcification: its association 
with diabetes. Fisher MS, Hamm R 

Uriniferous perirenal pseudocyst: new ob- 
servations. Meyers MA 

The radiographic size of renal transplants. 
Burgener FA, Schabel SI 


MUSCULOSKELETAL 


Fat-fluid level due to compression fractures 
of upper tibia. Schwegler N, Hug I 

Chondroblastoma of bone. Nolan DJ, Mid- 
dlemiss H 


Angiographic appearances of osteoid oste- 
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oma. Lechner G, Riedl P, Knahr K, 
Salzer M 


NERVOUS SYSTEM 


Cerebral circulation after cardiac arrest: 
angiographic and carbon black perfusion 
studies. Lin SR 

Recent ischemic brain infarcts at computed 
tomography : appearances pre- and post- 
contrast infusion. Yock DH Jr, Marshall 
WH Jr 

Computed tomography in the detection of 
juxtasellar lesions. Reich NE, Zelch JV, 
Alfidi RJ, Meaney TF, Duchesneau PM, 
Weinstein MA 


PEDIATRIC RADIOLOGY 


“Burned-out” pyloric stenosis: an elusive 
gastric outlet obstruction. Swischuk LE, 
Pyson KR 

Asymmetric lung involvement in broncho- 
pulmonary dysplasia. Sickles EA, Good- 
ing CA 

Staphylococcal osteomyelitis, sepsis, and 
pulmonary disease: observations of 10 
patients with combined osseous and pul- 
monary infections. Felman AH, Shulmar 
ST 

MISCELLANEOUS 


Air-fluid levels in the sphenoid sinus in 
epistaxis and nasal packing. Ogawa TK, 
Bergeron RT, Whitaker CW, Miles JW, 
Rumbaugh CL 


ULTRASONICS 


Value of echocardiography in the diagnosis 
of myxoma of the left atrium: 2 cases. 
Laurenceau JL, Dagenais GR, Gagné S 


NucLEAR MEDICINE 


Accuracy of brain scanning in pediatric 
craniocerebral neoplasms. Gilday DL, 
Eng B, Ash J 


RADIATION ONCOLOGY 


Radiation-related eosinophilia: correlation 
with delayed hypersensitivity, lympho- 
cyte count, and survival in patients 
treated by curative radiotherapy. Ghossein 
NA, Bosworth JL, Stacey P, Muggia FM, 
Krishnaswamy V 

Postirradiation atrophic changes of bone 
and related complications. Howland WJ, 
Loeffler RK, Starchman DE, Johnson RG 
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CHEST 


Cardiac rotation in left lower lobe collapse: 
“the flat waist sign.” Kattan KR, Wiot JF 
(Cincinnati General Hospital, Cincinnati, Ohio 
45229). Radiology 118:275-276, Feb 1976 

Some cases of left lower lobe collapse show slight 
right anterior oblique rotation of the heart, mani- 
fested by loss of the concavity of the left heart 
border on a perfectly symmetrical posterior-anterior 
or anterior-posterior projection. This is a useful dif. 
ferential diagnostic sign, because it is not present 
when the left lower lobe is compressed secondary to 
left upper lobe emphysema.—Author’s Abstract 


CARDIOVASCULAR 


Davipson, J. K., Morey, P., Hurtey, G. D. 
and Horrorp, G. H. Adrenal venography 
and ultrasound in the investigation of the 
adrenal gland: an analysis of 58 cases. Brit. 
J. Radiol., June, 1975, 48, 435-450. (From: 
Department of Radiology and the M.R.C. 
Blood Pressure Unit, Western Infirmary, 
Glasgow G11 6NT, Scotland.) 


Adrenal venography has been carried out in 58 
patients with the left adrenal vein being successfully 
catheterized in g1 percent and the right in 77 percent. 

Of the 30 patients with primary hyperaldosteron- 
ism, eleven adenomas (12-35 mm diameter) have 
been demonstrated at venography and two of 15 mm 
suspected, all of which were confirmed surgically. 
Aldosterone levels in the adrenal vein plasma were 
raised on the affected side. In the group of proved 
micronodular hyperplasia, two patients had surgi- 
cally confirmed macronodules and venography 
demonstrated one of 12 mm diameter. Two adeno- 
mas of 11 mm and one macronodule of 15 mm have 
been demonstrated at venography in the remainder 
who have not had an operation. 

Ultrasound was carried out in twelve patients with 
primary hyperaldosteronism, ten of which had 
tumors at venography. Two adenomas measuring 30 
and 31 mm were outlined by ultrasound and con- 
firmed surgically. Seven adenomas, including one 
macronodule (10-25 mm in diameter) were not de- 
fined. Three intra-adrenal pheochromocytomas (45- 
gO mm) and one extra-adrenal (80-85 mm) were 
demonstrated at arteriography, identified by ultra- 
sound and confirmed surgically. 

Of the ten patients with Cushing’s syndrome 
three had enlarged glands at venography, this was 
confirmed surgically. 

Cumulative experience from this analysis and 
published reports indicate that venography will 
demonstrate tumors of 10 mm or more in diameter 
and outline enlarged glands; aldosterone assays will 
lateralize tumors as small as 3 mm; ultrasound will 
outline tumors of 30 mm and selective adrenal ar- 
teriography will demonstrate tumors of 10 mm. 
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One patient developed acute adrenal cortical in- 
sufficiency with intra-adrenal extravasation on one 
side and thrombosis of the central vein on the oppo- 
site side. A second case developed temporary adre- 
nocortical insufficiency. Published reports indicate 
that the risk of complication is about one percent. 

The report includes an anatomical study of the 
efferent adrenal veins in 50 patients paying particu- 
lar attention to the diameter, number of accessory 
hepatic veins, and the angle of entry and position of 
the right adrenal vein.—F. Frederick Lang, M.D. 


Renal artery dissection: a complication of 
catheter arteriography. Talner LB, McLaughlin 
AP, Bookstein JJ (University of California- 
San Diego School of Medicine, San Diego, Cali- 
fornia 92115). Radiology 117:291-295, Nov 
1975 

Renal artery dissection is a rare complication of 
catheter arteriography. Predisposing factors include 
atherosclerosis and fibromuscular dysplasia. Opti- 
mum management requires aortographic documen- 
tation of the extent of vascular obstruction. Dis- 
sections causing incomplete obstruction of blood 
flow can be treated with systemic anticoagulation to 
prevent downstream thrombosis and should be 
followed with serial isotope blood flow studies and 
LDH measurements. Dissection causing complete 
vascular obstruction usually requires immediate 
surgery, although spontaneous reestablishment of 
flow may occur. The 3 patients discussed illustrate a 
spectrum of findings, including the acute development 
of renovascular hypertension.—Author’s Abstract 


Radiographic appearance of the thorax in 
systolic click-late systolic murmur syndrome. 
Bon Tempo CP, Ronan JA Jr, de Leon AC Jr, 
Twigg HL (Georgetown University Hospital, 
Washington, DC 20007). Am F Cardiol 36:27, 
July 1975 

The posteroanterior and lateral chest X-ray films 
of 64 consecutive patients with an isolated systolic 
click (55 patients) or a systolic click with a late 
systolic murmur (9 patients) showed a striking fre- 
quency of thoracic skeletal abnormalities. There 
were 50 female and 14 male subjects. The average 
age of the female subjects was 36.7 years (range 13 to 
67), that of the male subjects 39.7 years (range 17 to 
56). Seventy-two percent of the female and 78 per- 
cent of the male subjects had an anteroposterior/ 
transverse thoracic ratio less than the mean ratio in 
a normal population. Bony abnormalities such as 
pectus excavatum, straight thoracic spine and scolio- 
sis occurred alone or in combination in 31 of the 50 
female patients (62 percent) and in 8 of the 14 male 
patients (57 percent). Overall, 39 of the 64 patients 
(61 percent) had at least one of the skeletal abnor- 
malities. Scoliosis occurred in 25 subjects (39 per- 
cent) and was mild in 19. A “straight back” was 
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found in 15 (23 percent) and pectus excavatum in 7 
patients (11 percent). The explanation for these 
findings is not apparent. Thoracic cage abnormalities 
should be included as one of the nonauscultatory 
features of the systolic click-late systolic murmur 
syndrome.—Author’s Abstract 


Cemparison of angiogfaphic and postmortem 
findings in patients with coronary artery dis- 
ease. Schwartz JN, Kong Y, Hackel DB, 
Bartel AG (Duke University Medical Center, 
Durham, North Carolina 27710). Am F Cardiol 
36:174, Aug 1975 

The accuracy of coronary cineangiography in 
predicting the degree of stenosis in coronary arteries 
was evaluated by comparing autopsy and premortem 
cineangiographic findings in 25 patients. Coronary 
cineangiograms and autopsy specimens were re- 
viewed independently by two cardiologists and two 
pathologists. Identical diagrams dividing the cor- 
onary arteries into 12 segments were used by both 
groups to record the location and degree of stenosis 
observed. Cineangiographic findings were in agree- 
ment with pathologic findings (less than 25 percent 
difference in cross-sectional luminal area) in 178 
(79 percent) of the 226 segments examined, but over- 
estimated the degree of stenosis in 13 (6 percent) and 
underestimated it in 34 (15 percent). Thus, cinean- 
giography appears to be a reliable tool in evaluating 
coronary artery disease. When diagnostic errors are 
made, they are usually underestimations of the de- 
gree of disease; common causes of error are circum- 
ferential stenosis, eccentric lesions, obstruction of 
view by artificial valves and poor opacification due 
to severe proximal stenosis.—Author’s Abstract 


GASTROINTESTINAL 


Angiographic patterns in experimental obstruc- 
tion of the small bowel. Wojtowicz J, Wirga Z, 
Wirga E (Institute of Diagnostic Radiology, 
Poznan Medical School, Poznan 61-833, 
Szkolna 8/12, Poland). Invest Radiol 10:583- 
594, Nov-Dec 1975 . 


This study was designed to study the dynamics of 
arterial changes in the intestinal wall and mesentery 
caused by several types of mechanical obstruction. 
The exteriorized loop of small intestine of 79 experi- 
mental rabbits was examined using microscopic, 
mieroangiographic, and angiographic methods at 
fixed time intervals following mechanical obstruction. 

The type and rate of progression of peripheral 
arterial changes is dependent on the specific mecha- 
nism of intestinal obstruction. Within the first 6 
hours arterial changes in the obstructed loop are 
similar in all obstructions and consist of stretching 
and displacement of the arteriae rectae and their 
branches proportional to the degree of bowel disten- 
tion. In strangulation and volvulus, mural arterial 
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branches of the involved loop are subject to rapidly 
progressive obstruction culminating in extensive 
bowel wall necrosis. This differs from the slowly pro- 
gressive mucosal necrosis in simple obstruction and 
intussusception, in which effects on vascular ele- 
ments are less intense. The mechanism of these 
changes is not entirely clear. An earlier theory, that 
increased intraluminal pressure simply diminishes 
mucosal perfusion, is attractive but lacks substanti- 
ation.— Rosalind H. Troupin 


The normal endoscopic pancreatogram. Varley 
PF, Rohrmann CA Jr, Silvis SE, Vennes JA 
(Veterans Administration Hospital, Minne- 
apolis, Minnesota 55417). Radiology 118:295- 
300, Feb 1976 


Pancreatograms of 102 patients with proved nor- 
mal pancreatic status were reviewed to establish 
normal standards of pancreatic ductal morphology. 
Precise details of ductal course, position, length, 
caliber, and variant anatomy were analyzed. The 
ampulla was found at the level of the second lumbar 
vertebra in 75% of cases, while the pancreatic duct 
crossed the spine at Lı in most cases, Mean ductal 
diameters were 3.1, 2.0, and 0.9 mm in the head, 
body, and tail of the pancreas, respectively.— 
Author's Abstract 


Adenomyomatosis of the gallbladder. Ram 
MD, Midha D (Huron Road Hospital, 13951 
Terrace Road, Cleveland, Ohio 44112). Surgery 
78 5224-229, Aug 1975 

Adenomyomatosis of the gallbladder is an entity 
that is being recognized increasingly, chiefly by 
radiologists. The pathogenesis, pathology, and 
indications for surgery are not well understood. This 
report is a study of 27 patients seen in the last 6 
years, all of whom had proved histologic features. 
Patients ranged from 21 to 72 years of age, with a 
preponderance of women. Thirteen patients had no 
gallstones. The disease was confined to the fundus in 
15 patients, to the neck in one patient, and was gen- 
eralized in 11 patients. Bile cultures were obtained 
in the last six consecutive patients and all were nega- 
tive. Histologically there was evidence of thickening 
of the gallbladder wall, glandular elements in the 
mucosa, and invagination of glands into the muscu- 
laris. The clinical, radiological, and pathologic fea- 
tures supported a hyperplastic and degenerative dis- 
order which should be distinguished from cholecys- 
titis. Associated with these morphologic changes is 
a dyskinesia similar to that seen in diverticular dis- 
ease of the colon. Follow-up studies after cholecys- 
tectomy have shown that over go percent of all 
patients were completely relieved of symptoms. 
Adenomyomatosis should be identified as a distinct 
entity, probably of a degenerative nature. Cholecys- 
tectomy is indicated and beneficial when the symp- 
toms suggest biliary tract disease.—Author’s Abstract 
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Plain-film findings in severe pseudomem- 
branous colitis. Stanley RJ, Melson GL, 
Tedesco FJ, Saylor JL (Mallinckrodt Institute 
of Radiology, St. Louis, Missouri 63110). 
Radiology 118: 7-11, Jan 1976 


Plain-film abdominal changes in § patients with 
severe antibiotic-related pseudomembranous colitis 
were found to be strikingly similar and distinct from 
those seen in other colitides. These consisted of mod- 
erate gaseous distention of the colon and unusual 
wide transverse bands of thickened bowel wall as- 
sociated with giant “thumbprinting’” which was 
universal in distribution, with minimal or absent 
small-bowel abnormalities. While the radiographic 
findings were not pathognomonic, they were highly 
suggestive of advanced pseudomembranous colitis 
when combined with the clinical data. Prompt recog- 
nition of this entity by the radiologist is extremely 
helpful in management, since such patients fre- 
quently present with physical findings of an acute 
abdomen requiring surgery.—Author’s Abstract 





GENITO-URINARY 


Reflux and trapping. Weiss RM, Schiff M Jr, 
Lytton B (Yale University School of Medicine, 
New Haven, Connecticut 06510). Radiology 
118: 129-131, Jan 1976 

Although functional ureteral obstruction results in 
a decrease in the rate of antegrade urine flow, urine 
may still traverse the obstructed segment in a retro- 
grade direction. Decreased musculature is found in 
the obstructing area. The combination of these pro- 
cesses results in reflux with trapping. This process 
has been demonstrated radiographically at both the 
unterovesical and the ureteropelvic junctions.— 
Author's Abstract 


Investigation of ureteric function with simul- 
taneous intraureteric pressure recordings and 
ureteropyelography. Ulmsten U, Diehl J (Gen- 
eral Hospital of Malmo, University of Lund, 
Malmö, Sweden). Radiology 117:283-289, Nov 


1975 


Ureteric function was investigated by simul- 
taneous intraureteric pressure recording (ure- 
terometry) and retrograde ureteropyelography. With 
a multichannel catheter, intraluminal pressures can 
be recorded simultaneously at three levels in the 
ureter. The catheter can also be used to inject con- 
trast medium. In normal antegrade peristalsis, an 
interval of 0.5-1.5 sec. was observed from the dis- 
appearance of the urine bolus to the recording of the 
maximal contraction pressure. In cases of long-last- 
ing retroperistalsis, the urinary flow was impaired. 
Combined ureterometry and ureteropyelography 
appears to be a valuable method for detailed studies 
of ureteric function.— Author's Abstract 
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Uterine artery calcification : its association with 
diabetes. Fisher MS, Hamm R (Temple Uni- 
versity Medical School, Philadelphia, Pennsyl- 
vania 19140). Radiology 117:537-538, Dec 1975 


Uterine artery calcification was observed in 26 
patients. Fourteen of the 22 with adequate clinical 
information had diabetes* mellitus. This is consid- 
ered a significant association by the authors and 
calcification should raise the question of diabetes.— 
Author's Abstract 


Uriniferous perirenal pseudocyst: new obser- 
vations. Meyers MA (The New York Hospital- 
Cornell University Medical Center, New York, 
New York 10021). Radiology 117:539-545, 
Dec 1975 


The chronic encapsulated extravasation of urine, 
most accurately designated as uriniferous perirenal 
pseudocyst, causes urine to collect within the cone of 
renal fascia. This results in a characteristic complex 
of radiographic findings including an elliptical soft- 
tissue mass in the flank oriented inferomedially with 
upward and lateral displacement of the lower renal 
pole, medial displacement of the ureter, obstructive 
hydronephrosis, and perhaps evidence of extravasa- 
tion into the mass. Since the clinical recognition of 
the mass is typically delayed several weeks following 
the original traumatic episode, prompt radiological 
diagnosis is essential before irreparable damage to 
the kidney occurs.—Author’s Abstract 


The radiographic size of renal transplants. 
Burgener FA, Schabel SI (University of 
Rochester School of Medicine, Rochester, New 
York 14620). Radiology 117:547-550, Dec 1975 


The lengths of 55 renal transplants outlined by 
metallic elips were measured on serial abdominal 
radiographs up to 3 years after operation. The range 
of norma! transplant size was defined as the mean 
value +2 standard deviations. Using this definition, 
the maximum increase in length was 5% at 10 days, 
10% at 1 month, and 1% additional for each month 
in the first year. The normal maximum rate of in- 
crease in renal length was 0.5% per day, found only 
in the immediate postoperative period. Sixty per cent 
of transplants with severe rejection had either an 
abnormal length or growth rate or both. In chronic 
rejection and other complications, size and growth 
rate were rarely abnormal. An abnormal decrease in 
renal length was not seen with any complication.— 
Author's Abstract 


MUSCULOSKELETAL 


SCHWEGLER, N., and Hug, I. Fettflüssigkeits- 
spiegel bei Tibiakopf-Impressionsfraktur. 
(Fat-fluid level due to compression fractures 
of upper tibia.) Fortschr. a. d. Geb. d. Rént- 
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genstrahlen u. d. Nuklearmedizin, April, 1975, 
722 301-302. (Address: Dr. N. Schwegler, 
CH-4122 Neuallschwil, Marsstrasse 16, 
Switzerland.) 


Compression fractures of the upper portion of the 
tibia are sometimes obscure, particularly if the com- 
pression is limited to the central portion of the tibial 
articular surface. 

In most individuals who have suffered this type 
of fracture there is an effusion in the knee joint and 
there is a significang amount of fat mixed with blood 
in the effusion. This fluid distends the suprapatellar 
recess of the joint. In a lateral view exposed with the 
central ray horizontal there is a fluid level visible 
marking the interface between supernatant fat and 
the underlying bloody effusion. This fluid level de- 
velops rapidly in the short period of immobilization 
which occurs because of pain. This visible interface 
disappears in a few days following absorption of the 
fat. 

If the fracture is not compound and if the joint 
has not been entered surgically, the possibility of air 
can be excluded. Air is less dense than fat and the 
difference between the two lateral views is apparent. 
Occasionally, the normal fat pad between the femur 
and the quadriceps tendon may simulate a fat- 
fluid interface, but this is a much shorter interface 
ands less sharp. 

Such a fluid-fat interface was demonstrated in 24 
of 28 consecutive fractures of the upper tibia which 
were examined with this technique. This indicates 
the usefulness of the technique when there is an 
obscure fracture.—E. Frederick Lang, M.D. 


Notan, D. J., and Muippiemiss, Howarp. 
Chondroblastoma of bone. Clin. Radiol., 
July, 1975, 26, 343-350. (From: Department 
of Radiology, University of Bristol, Bristol, 
England.) 


The authors chart the findings in ten cases of 
chondroblastoma. There were nine males and one 
female. The age range was 14-41 years, eight in the 
14-18 age group. Nine tumors were located in long 
bones and one in the ilium (age 41). Chondoblastoma 
in unusual sites is usually found in the older age 
group. All of these patients had pain of two to nine 
months’ duration and most had limitation of motion. 
There was localized swelling in four. 

The roentgenological findings are well illustrated. 
In these patients the lesion was a round or oval 
radiolucency, 1X2 to 4X8 cm in size. All but one 
defect had a thin sclerotic rim separating tumor from 
adjacent normal bone, and the remaining case had a 
lesswell-defined margin. Typically, the lesion involves 
the epiphysis and may extend into the metaphysis. 
In ene patient, the tumor was initially in the epiphy- 
sis but recurred twice in the metaphysis. Two lesions 
showed stippled calcification and two had bony 
trabeculation. Periosteal new bone was present ad- 
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jacent to the lesion in four cases. The chondroblas- 
toma extended to the cortex in five patients and in 
two others, there was expansion of bone with thin- 
ning of the cortex. Curettage and placement of bone 
chips was the treatment in nine cases, although in 
the patients with loss of cortex of the femoral head 
they used a Thompson prosthesis. 

The differential diagnosis is briefly considered and 
includes osteosarcoma, chondrosarcoma, chondro- 
myxoid-fibroma, giant-cell tumor, aneurysmal bone 
cyst and inflammatory lesions. The most difficult to 
exclude is chondromyxoid-fibroma which is meta- 
physeal in origin and rarely shows periosteal new 
bone. It also tends to be more expansive and often 
causes destruction of the cortex as well as showing a 
greater degree of reactive sclerosis.—Marthe Mot- 
tram, M.D. 


Lecuner, G., Rrepi, P., Knauer, K., and 
Satzer, M. Das angiographische Bild des 
Osteoid-Osteoms. (The angiographic ap- 
pearances of osteoid osteoma.) Fortschr. a. d. 
Geb. d. Réntgenstrahlen u. d. Nuklearmedizin, 
April, 1975, 722, 323-326. (Address: OA Dr. 
G. Lechner, Leiter der Rontgenstation der I. 
Chirurg. Univ.-Klinik, Allgemeines Krank- 
enhaus, A-1097 Wien IX, Alserstrasse 4, 
Austria.) 


Although the clinical and roentgenographic ap- 
pearance of osteoid osteoma is usually clear-cut, 
occasionally there are questions, and angiographic 
study was carried out in an attempt to permit a more 
certain diagnosis in questionable cases. Of 17 pa- 
tients with histologically verified osteoid osteoma, 
17 were subjected to angiography. Of these, 14 were 
successful, but in three, each with a tibial lesion, 
spasm prevented a satisfactory study. 

In each of the 14 cases there was a homogeneous 
blush of variable density corresponding to the area 
of the nidus. In some which were richly vascularized 
the nidus became visualized early and the blush 
lasted during the entire venous phase. In others with 
poorer vascularization, the demonstration was more 
fleeting. No definite increase in adjacent vascularity 
was demonstrated nor was early filling of the veins 
present. 

Photographic subtraction was useful particularly 
when the surrounding sclerotic bone was dense and 
the nidus was only fairly well vascularized. 

The characteristic appearance on angiography 
permits easy differentiation from those conditions 
with which osteoid osteoma is occasionally confused 
on plain film studies, such as osteomyelitis, Ewing’s 
sarcoma, osteogenic sarcoma, cystic lesions, osteoma, 
as well as others. In addition, angiography permits 
clear demonstration of the entire extent of the nidus 
in preparation for the surgical treatment of the 


lesion.—E. Frederick Lang, M.D. 
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Nervous SYSTEM 


Cerebral circulation after cardiac arrest: angi- 
ographic and carbon black perfusion studies. 
Lin SR (University of Pennsylvania School of 
Medicine, Philadelphia, Pennsylvania 19104). 
Radiology 117:627-632, Dec 1975 


Cardiac arrest of 2-15 minutes was induced in 14 
dogs. When circulatory arrest lasted longer than 5 
minutes, abnormal cerebral angiographic findings 
were seen 3—4 hours after resuscitation, consisting of 
(a) marked prolongation of the arterial phase in both 
intracranial and extracranial arteries, and (4) faint 
(poor) visualization of the venous phase. No signifi- 
cant abnormalities were noted in dogs arrested less 
than 5 minutes, or in the control group. Carbon black 
perfusion studies showed multiple focal areas of 
small patchy and diffuse coarse reperfusion defects 
at the arteriolar-capillary levels in dogs arrested 
longer than 5 minutes. A combination of vascular 
and parenchymal changes during ischemia may be 
the cause for these findings.—Author’s Abstract 


Recent ischemic brain infarcts at computed 
tomography : appearances pre- and postcontrast 
infusion. Yock DH Jr, Marshall WH Jr (Stan- 
ford University School of Medicine, Stanford, 
California 94305). Radiology 117: 599-608, Dec 


1975 


Thirty-seven cranial computed tomography 
(CCT) scans of proved or highly probable recent 
ischemic brain infarcts were analyzed visually and 
numerically, with results organized by infarct age. 
The lesions typically appeared as homogeneous low 
density abnormalities, with no significant difference 
in scan characteristics between infarct age groups, 
i.e., it was not possible to determine the age of an 
infarct by its noninfused, CCT appearance alone. 
Eight infarcts showed “mass effect,” and 4 of the 20 
contrast-infused cases demonstrated marked density 
augmentation or “blush,” indicating that infarcts 
may resemble tumor in both of these properties.— 
Author's Abstract 


Computed tomography in the detection of 
juxtasellar lesions. Reich NE, Zelch JV, 
Alfidi RJ, Meaney TF, Duchesneau PM, 
Weinstein MA (Cleveland Clinic Foundation, 
Cleveland, Ohio 44106). Radiology 118:333- 


335, Feb 1976 


One thousand consecutive computed tomograms 
were reviewed to determine the accuracy of the pro- 
cedure in the detection of juxtasellar lesions. The de- 
tection rate was compared to those of plain skull 
films, radionuclide studies, angiography, and pneu- 
moencephalography. Computed tomography was 
slightly superior to angiography and was surpassed 
only by pneumoencephalography, both of which are 
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invasive procedures which carry a definite risk. The 
data indicate that computed tomography is the 
screening method of choice in the detection of 
juxtasellar masses.—Author’s Abstract 


PepIATRIC RADIOLOGY 


“Burned-out’’ pyloric stenosis: an elusive gas- 
tric outlet obstruction. Swischuk LE, Pyson KR 
(University of Texas Medical Branch, Galves- 
ton, Texas 77550). Radiology 117:373-379; 
Nov 1975 ° 


Four cases of infantile pyloric stenosis are pre- 
sented to illustrate the difficulties found in diagnosing 
pyloric stenosis. Clinical, histological, surgical, and 
roentgenologic examination must be combined to 
determine the optimum treatment. All patients 
exhibited failure to thrive and gain weight normally, 
but few showed palpable tumors upon abdominal ex- 
amination. The results of upper gastrointestinal 
examination are often more confusing than helpful, 
but previously performed GI studies have been re- 
warding. The main problem is to rule out pyloro- 
spasm, and a trial of treatment with antispasmodics 
is essential. The presence or absence of a residual 
muscle mass at surgery would call for pylorotomy or 
pyroplasty, respectively.—Author's Abstract 


Asymmetric lung involvement in broncho- 
pulmonary dysplasia. Sickles EA, Gooding CA 
(University of California School of Medicine, 
San Francisco, California 94132). Radiology 
118:379-383, Feb 1976 

The radiographic distribution of pulmonary ab- 
normalities in bronchopulmonary dysplasia (BPD) 
in all previously reported cases has been bilateral 
and generalized. The authors studied 11 premature 
infants who had BPD that was primarily unilateral. 
The striking feature in each of these patients was the 
occurrence of an episode of prolonged unilateral 
atelectasis or tension pneumothorax. Few, if any, 
radiographic manifestations of BPD developed. 
Results of a detailed analysis of oxygen exposure and 
respirator therapy during the periods of unequal lung 
ventilation further characterizes the protective 
effect of atelectasis and tension pneumothorax in the 
development of BPD.—Author’s Abstract 


Staphylococcal osteomyelitis, sepsis, and pul- 
monary disease: observations of 10 patients 
with combined osseous and pulmonary infec- 
tions. Felman AH, Shulman ST (University of 
Florida, Gainesville, Florida 32601). Radiology 
117:649-655, Dec 1975 

The clinical and roentgenographic findings in 10 
patients with combined staphylococcal infection of 
the bones, joints, and lungs are reviewed. Chest 
roentgenograms early in the course of the illness sug- 
gested septic embolic disease, but in most cases the 
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associated osseous infections were overlooked. Pri- 
mary therapy, directed toward the sepsis and pul- 
monary complications, was often unsuccessful until 
the associated osteomyelitis was recognized and 
treated. The radiologist and clinician should recog- 
nize the roentgen pattern of septic pulmonary emboli 
and be alert to the possibility of associated skeletal 
infection. Surgical drainage is often necessary. 
Author's Aestract 





MISCELLANEOUS 


Air-fluid levels iff the sphenoid sinus in epi- 
stamis and nasal packing. Ogawa TK, Bergeron 
RT, Whitaker CW, Miles JW, Rumbaugh CL 
(LAC-USC Medical Center, Los Angeles, Cali- 
fornia 90033). 118:351-354, Feb 1976 


Air-fluid levels in the sphenoid sinus have been 
described in association with skull fracture, cerebro- 
spinal fluid rhinorrhea, and sinusitis. The authors 
have observed this sign in the absence of significant 
trauma in patients with epistaxis and nasal packing. 
The fluid is probably normal sinus secretion retained 
due to prolonged recumbency, although other ex- 
planations for its accumulation are discussed.— 


Author's Abstract 


ULTRASONICS 


Lavrenceau, J.-L., Dacenais, G. R., and 
GacneE, S. Diagnostic des myxomes auricu- 
laires gauches par échocardiographie: deux 
observations. (Value of echocardiography in 
the diagnosis of myxoma of the left atrium: 
z cases.) Presse méd., Oct., 1975, 36, 2563- 
2566. (From: Institut de Cardiologie, Hdpi- 
tal Laval, 2725 Chemin Sainte-Foy, C. 
Québec GIV 4Gs5, Canada.) 


The echocardiograms of two patients, each with a 
myxoma of the left atrium, are presented. In each 
case there was an abnormal echo, as from a mass, 
shown in diastole behind the greater cusp of the 
mitral valve. In addition, in one of the cases, the 
mass was seen in the left atrium in projections 
desagned to show the tricuspid and aortic valves. 

The diagnosis in each was not suspected clinically 
and it was the ultrasound examination, carried out 
on a routine basis, which led to the discovery of the 
myxoma, This noninvasive technique is thus a valu- 
able study in the demonstration of left atrial 
myxomas.—Published English Abstract 


Nuclear MEDICINE 


Giipay, Davin L., Ena, B., and Asų, Jupita. 
Accuracy of brain scanning in pediatric 
craniocerebral neoplasms. Radiology, Oct., 
3975, 777, 93-97. (Address: David L. Gil- 
day, M.D., Division of Nuclear Medicine, 
The Hospital for Sick Children, 555 Uni- 
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versity Avenue, Toronto, Ontario, Canada 
MsG 1X8.) 


Previous reports had indicated a lower tumor de- 
tection rate in children, as opposed to adults, with 
radionuclide scanning procedures. Prior series had 
been relatively small also. This 34 month review of 
2,536 cases points up the improvement in results 
using meticulous cerebral-radionuclide angiography, 
blood pool imaging, and two to four hour delayed 
images. 

The methodology is important. Potassium per- 
chlorate (10 mg/kg) is given ten minutes prior to 
injection of Tc-ggm pertechnetate (8.3 mCi/m?, 
body surface). Posterior radionuclide angiography is 
routinely employed. Anterior radionuclide angiog- 
raphy is performed when indicated, however. Rapid 
bolus intravenous injection is necessary for quality 
flow studies. Blood pool images in the posterior, 
vertex, and right and left lateral positions are ob- 
tained immediately postinjection. Delayed images 
are obtained three to four hours postinjection on 
the rectilinear scanner. Positioning is critical, re- 
quiring strict immobilization of the child. This calls 
for proper sedation and the utilization of sundry 
restraining devices. 

Interpretation of all images was correlated with 
skull roentgenograms. Final statistical analysis was 
based on surgical or autopsy findings. 

The detection rate for supratentorial neoplasms 
was 86 percent, and 96 percent for infratentorial neo- 
plasms. Ependymonas and medulloblastomas were 
detected most readily, and craniopharyngiomas, 
germinomas, and histiocytosis X were difficult to 
detect. 

Categorically, three basic patterns were detected 
with radionuclide angiography: normal, increased 
flow to the tumor, and decreased flow to the tumor 
due to its edematous, cystic, or necrotic structure. 
The immediate postinjection blood-pool images may 
reveal identifying accumulations in the cases of de- 
creased flow, or present patterns of confirmation 
when compared with the delayed scans. The in- 
creased detection rate with delayed imaging (up to 
six hours) has been confirmed by many. Individual- 
izing studies is also important, e.g., Waters position 
for suspected facial or orbital abnormal:ties.— 


F.C. Petty, M.D. 


RADIATION ONCOLOGY 


GuossEIN, NEMETALLAH A., Boswortu, J. L., 
STacEy, Parricia, Mucca, Franco M., 
and KrRISHNASWAMY, VASUDEVASASTRI. Ra- 
diation-related eosinophilia: correlation with 
delayed hypersensitivity, lymphocyte count, 
and survival in patients treated by curative 
radiotherapy. Radiology, Nov., 1975, 177, 
413-417. (Address: Nemetallah A. Ghæ- 
sein, M.D., The Hospital of the Albert 
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Einstein College of Medicine, 1825 East- 
chester Road, Bronx, N. Y. 10461.) 


The association of eosinophilia with malignancy 
has been noted for years but little attention has been 
paid to its prognostic significance. Abdominal irradi- 
ation has been known to give rise to eosinophilia and 
preliminary observations in these patients suggested 
a better prognosis for those who demonstrated radi- 
ation-related eosinophilia (RRE) compared to those 
who did not. Recent experiments have indicated that 
the ability to produce an eosinophilic response de- 
pends on the integrity of the cell-mediated and 
humoral immune mechanisms. This prospective 
study was undertaken to determine the correlation 
between RRE, delayed skin reactivity to 2-4 
dinitrochlorobenzene (DNCB), initial total pe- 
ripheral lymphocyte count, and short-term prog- 
nosis in patients undergoing curative irradiation for 
tumors located below the diaphragm. 

Ninety-eight consecutive patients were evaluated; 
all had received 3,000 rads curative abdominal and 
or pelvic radiation therapy as the only treatment 
modality for biopsy proved malignant tumor located 
below the diaphragm. Delayed hypersensitivity was 
determined by skin reactivity to DNCB prior to 
treatment according to the method described by 
Johnson eż al. The total lymphocyte and eosinophil 
counts was calculated from routine hematologic 
determinations of total white cell and differential 
counts obtained prior to and during treatment. All 
patients were assessed at six months for the presence 
or absence of disease manifestations; and those who 
had no disease were considered controlled. 

Of 61 patients who were positive DNCB reactors, 
41 (67 percent) had no evidence of disease at six 
months. Of the 37 nonreactors, 15 (40 percent) were 
free of disease. Within the two groups, there was a 
significantly higher rate of control in patients who 
had RRE. The highest control rate (almost 80 per- 
cent) was obtained in patients who had sensitivity 


to DNCB and also developed RRE. Positive DNCB 
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reactors without RRE had a control rate of slightly 
greater than 60 percent; similar to the rates seen in 
nonreactors who demonstrated RRE during treat- 
ment. Of 15 patients who did not react to DNCB and 
did not have RRE, only one patient (seven percent) 
was disease free. The failure rate for patients who 
had a pretreatment lymphocytic count of less than 
1,500 was significantly higher than for those who had 
a higher count. Regardless of total lymphocytic 
count, patients who demonstrated RRE had a higher 
tumor control. 

It was concluded that the ability to produce an 
eosinophilic response is an important prognostic 
factor, independent of other parameters indicative 
of intact cell-mediated immunity.—Pau/ M. Kroe- 


ning, M.D. 


Postirradiation atrophic changes of bone and 
related complications. Howland WJ, Loeffler 
RK, Starchman DE, Johnson RG (Aultman 
Hospital, Canton, Ohio 44710). Radiology 
117:677-685, Dec 1975 


The sequence of radiographically visible changes 
about the shoulder girdle following irradiation was 
analyzed in 49 patients who received 200 kV irradi- 
ation, in $0 who received 25 MeV betatron photon 
irradiation, and in 20 who received cobalt-60 irradi- 
ation. The changes were dose related and were most 
evident in the kilovoltage group, but also occurred 
following megavoltage therapy. Atrophic changes 
may be complicated by fracture, true necrosis, true 
osteitis or sarcoma. These atrophic changes have 
clinical significance similar to the atrophic changes 
that occur in skin and mucous membranes. The 
terms radionecrosis and radiation osteitis as applied 
to these changes should be abandoned since they 
imply a more serious process than is actually present. 
Biopsy should be avoided if possible since trauma 
and secondary infection could lead to true necrosis.— 
Author's Abstract 
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tricular power failure, 1147 
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Intracranial astrocytomas, failure patterns, 279 
Intussusception of appendix in children, 1164 
Islet cell tumors and the alimentary tract, 933 


Kidney 
ultrasonic evaluation of unilateral nonvisualized, 853 
pseudotumor of, following glomerulonephritis, 1197 
Knee, localized nodular synovitis, 649 


Lesion conspicuity, structured noise, film reader error, 1233 
Lobe, systemic arterial supply to left lower, 817 

Lumbar epidural venography, 1003 

Lymphoma, arteriography of retroperitoneal, 368 


Malignancies, immunotherapy, 1088 

Megacystis-microcolon-intestinal hypoperistalsis syndrome, 
957 

Mastectomy, elective irradiation with electron beam, 127 

Measuring device for roentgenographic structures, 432 

Menetrier’s disease, involvement of gastric antrum, 52 

Micrometastases, treatment concept in murine systems, 500 

Mitral insufficiency, non-rheumatic acute, 336 

Meyer-Rokitansky-Kuster-Hauser syndrome, pneumogy- 
necrography in diagnosis, 413 

Mouth carcinoma, surgical treatment, 1256 

Myocardium, computed tomography of normal and in- 
farcted, 786 

Myositis ossificans circumscripta, 32 


Nasopharynx cancer, factors modifying radioresponse, 863 
Nelson’s syndrome in childhood, 550 

Neonatal small left colon syndrome, fat thickness, 538 
Neovascularity, roentgenology-pathology, 376 
Neuroblastoma, Tc-diphosphonate uptake, 1077 
Neuroepithelial (colloid) cysts, 56 

Nuclear medicine, is it in trouble? (E), 908 


Occipital bone, embryogenesis of human, 1063 

Oral tongue, carcinoma, radiation therapy, 107 

Orbit, aneurysmal bone cyst of, 896 

Oropharynx, carcinoma, 236 

Osteoblastoma, spectrum of, 321 

Osteolysis, iodiopathic multicentric, 2 

Ovarian cancer, multifarious therapy and therapists, 205 


Pancreas, gray-scale echography, 624 

Pancreas simulating suprarenal and renal tumors, $30 

Pancreatic pseudocysts, spontaneous internal drainage, 985 

Pelvic hemorrhage, embolic control, 1028 

Percutaneous transaxillary catheterization, 386 

Peterson, Charles Hanson (M), 444 

Pheochromocy toma, arteriographic manifestations, ‘67 

Pons, caudal dislocation, in adult Arnold-Chiari malforma- 
tion, 798 

Pulmonary metastases from intracerebral meningioma, 419 

Pulmonary thromboembolic disease, iliocaval thrombi in, 
IOIg 
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Radiation therapy bronchogenic carcinoma, 116 

Radiologic research, James Picker foundation (E), 439 

Radionuclide detection of thrombosed vein, 1249 

Radiopharmaceuticals, pharmaco-kinetics of current skele- 
tal-seeking, 293 

Reankylosis after hip surgery, 1181 

Rectum carcinoma, definitive treatment by intracavitary 
radiation therapy, 877 

Renal failure, angiographically induced, 1039 

Renal infarction, peripheral embolization, 1033 

Renal lymphocele, ultrasound diagnosis, 1194 

Renovascular hypertension, radiation-induced, 634 

Rhabdomyosarcoma in pediatric age group, 542 

Rheumatoid arthritis, lesions resembling gout, 41 


Salivary gland tumors, growth analysis of pulmonary 
metastases, 493 
Scleroderma, spotted nephrogram of renal, 734 
Skeletal inflammatory and ischemic disease in children, 
radionuclide imaging, 832 
Skeleton, iatrogenic lesions, § 
Skin response to pions and x-rays, 261 
Skull, computed tomography, 779 
Spinal neurofibromatosis, 617 
Squamous cell carcinoma 
oral cavity, radiation and s-fluorouracil therapy, 22 
oral tongue and floor of mouth, evaluation of interstitial 
radium therapy, 223 
Stomach, double contrast views, 1159 
Superior mesenteric artery, iatrogenic embolization, 822 


Test pattern for evaluating x-ray tube focal spots, 1239 

Testicular tumors metastasizing to the lungs, radiation 
therapy, 475 

Testis, cancer of undescended or maldescended, 302 

Thumb, arthrography, 1047 

Thymoma-hypogammaglobulinemia syndrome, 1219 

Tonsil carcinoma, management of, 248 

Trauma, value of repeat cerebral arteriography, 792 

Tuberous sclerosis, abdominal angiographic spectrum, 807 


Ulcerative colitis and Crohn’s disease, hepatic angiography, 
952 

Upper pole calyx, medial deviation, 1189 

Ureteral fibrous polyps, multiple benign, 72 

Urography, emergency excretory, in abdominal trauma, 739 

Uterine sarcomas, treatment results and prognostic factors 
in stage I and II, 139 


Van de Graaff generator, central axis depth dose, 1260 
Vascular impressions of gut, 970 

Venography in injuries of extremities, 1023 
Ventricular aneurysms, left, on lateral chest film, 1140 
Vertebral sarcoidosis, 900 

Virus diseases of bone: do they exist? 677 


Wilms’ tumor, angiographic manifestation of bilateral, 802 
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Hysterosalpingogram with Salpix Contrast Medium. 24-hour postinjection x-ray of same patient. 


now you see it now you don't 


With Salpix as your contrast medium, your gynecologic pa- CONTRAST MEDIUM 
tient needn’t undergo the 24-hour postinjection x-ray usually 
required with iodized oils. Water-soluble Salpix leaves virtu- 
ally no irritating radiopaque residue to produce foreign-body TRADEMARK 


reactions, yet it provides the viscosity needed for adequate escn ce contains: 
er seer P y q sodium acetrizoate 0.53 g and 


Contraindications: Contraindications to hysterosalpingography include the polwinylpyrrolidone 0.23 g 
presence of severe vaginal or cervical infections, existing or recent pelvic 

infection, marked cervical erosion or endocervicitis, and pregnancy. The pro- 

cedure is contraindicated during the immediate pre- or post-menstrual phase. 

Sensitivity Test: If indicated in the patient’s history, an intracutaneous skin test 

or sublingual absorption observation may be done with 0.1 cc Salpix. 

Warning: Not for intravenous use. © ORTHO PHARMACEUTICAL CORPORATION 1970 


ORTHO PHARMACEUTICAL CORPORATION * RARITAN, NEW JERSEY 08869. 
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SIREP makes radiological reporting 

easier, while allowing data to reach the 
siensees referring physician sooner. In addition 
7 to real savings in time and labor, SIREP 

| serves as the basis for an improved 
SS system of information processing and 
<== ===== ° communication. The result is a more 
efficient radiology department. 


SIREP offers the speed, flexibility and 
depth of a conventionally dictated report. 
Clinical findings are entered with the 
cng, = iek touch of a finger—multi-copy finished 
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Barium, Barium Systems, 
and Ancillary Products 


... formulated and designed to meet the realistic 
needs of the Modern Radiology Department 


D System of 
eE-z-em YOur choice 


| | 111 SWALM STREET 
Westbury, N.Y.11590 (516) 333-8230 


International Affiliates: E-Z-EM Rooster B. V.. Infirmeriestraat 6-8. Rotterdam 16. Netherlands 





CB Sic, ales 
make heavy protection 
_alittle lighter. 


And the first time you wear 
one you'll know what we 
mean. Sakura X-ray aprons 
offer maximum protection 
at minimum weight. A 
combination that means 
greater assurance, comfort 
and mobility. Far less strain 
and general fatigue. 


Designed for a more natural 
feel and balance, Sakura 
X-ray aprons are made of 
the finest materials. Multi- 
layered, lead compounded 
rubber on the inside. 
High-strength, washable 
vinyl on the outside. A 
combination that adds up 
to years of carefree wear 
and maintenance. 


And to meet a variety of 
apron needs, Sakura offers a 
variety of options. A choice of 
models: Standard Physician’s, 
Technicians and Special 
Procedures. And choice of 
closures: Strings or snaps. 
Allin Bristol blue. We also 
make special sizes and 
thicknesses on request. 


Sakura X-ray aprons. They 
make heavy protection a 
little lighter. 


Available for immediate 
delivery. Write for details. 


Sakura Medical Corporation 
Radiographic Film and Instrumentation 





Mammorex II 





can see it before 
she can feel it. 


If she’s concerned enough to 
sk you about breast cancer — 
nd more women are—there’s a 
ood chance that a quick course 
n self-examination may not 
‘ive her the confidence she 
ieeds. She probably knows 
here’s a better way. 

Mammorex II is a better way. 
}ecause the Mammorex II 
Cerox/film mammography 
ystem visualizes all breast 
issue from nipple to chest wall 
nd can reveal microcalcifications 
he could never feel. 

The versatile Mammorex II 
ises both conventional film 
ind Xerox 125°*— virtually 
ill filming techniques. 


Changeover takes only seconds. 

A capacitor-smoothed, 
constant-potential generator 
allows exact incremental 
adjustments of kilovoltage to 
help you produce high contrast 
studies despite the low contrast 
nature of breast tissue. 

Precise selection of focal 
distances and a contoured 
radio-translucent breast com- 
pressor which averages thickness 
variations and comfortably 
immobilizes the breast, help 
assure sharp image definition. 

And because Mammorex II 
is easy to operate, your patient’s 
examination is quick besides 
being thorough. 


Give your patients the 
confidence of a complete breast 
image. Mammorex II is the 
only system that pictures the 
entire breast structure from 
the nipple to the chest 
wall and the axillary area. 

Mammorex II is another 
example of Picker’synergy —the 
complete interfacing of systems 
and services for better 
diagnostic results. 

For an informative brochure 
on Mammorex II and answers 
to any questions you might 
have, contact your local Picker 
representative. Or write Picker 
Corporation, 595 Miner Road, 
Cleveland, OH 44143. 
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The symbol you see in 
the center of this page is the 
new mark of The Advertising 
Council. 

Mi was made to identify the 

ite mq public 
service ad- 
vertising 
campaigns 
provided to 


execute these campaigns. 
Television/radio { Diagramofa 7 
networks and local iy hcg 
stations, news- 
papers, business 
publications, 
consumer maga- 
zines. outdoor and 
transit media make their | : 
mark. By donating the space it takes to run them 





scores of worthwhile or- . P _on the air and i 
ganizations. ate yo print. 
Through these Ad- ATERRIBLE THIN TO WASTE. Concerned 





| mer vertisingCoun- 
cilcampaigns, the menand womenofthe ou ae 
American businessand communications pess 
i community 
| are working f 
to make their } 
Imark ong 


corporations make 

their mark. By do- 

nating the cash con- 

tributions it takes 

for The Advertising Council to coordinate all 

these resources and focus them where they are 

most urgently needed. 

America’s @ : Inshort, every time The Advertising Council 
~ future. wie stamps its new mark on public service advertising, 

Creative and marketing experts at adver- a lot of people make their mark. 

tising agencies make their And that mark counts 

mark. By donating the serv- for a lot. 

ices it takes to plan and 
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ADMINISTRATION OF A RADIOLOGY DE- 
PARTMENT: Hints for Day-to-Day Operation by 
Murray L. Janower, St. Vincent Hospital, Wor- 
cester, Massachusetts. Various systems which can 
be applied to the radiology department to insure 
efficient functioning are presented in this book. 
In addition to a general overall look at a totally 
functioning diagnostic radiology department, the 
various subunits in a department are dissected 
anc discussed in detail. All of these discussions 
are supplemented by a great deal of statistical 
data. Specific attention has been given to the 
methods used in handling patients, the establish- 
ment of a quality control program, efficient 
production of radiological reports, methods of 
film interpretation, and darkroom operations. 
TO 72 pp., 8 il, 7 tables, $7.50 


“TRAUMA” AND “NO-TRAUMA” OF THE 
CERVICAL SPINE edited by Kenneth R. 
Kattan, Univ. of Cincinnati College of Medicine, 
Cincinnati, Ohio. (11 Contributors) This com- 
plete volume on the topic of cervical spine 
trauma includes descriptions and excellent illus- 
trations on the anatomy of the cervical spine and 
numerous varieties of trauma, their assessment and 
management. Discussed are the many symptoms 
atinibuted to cervical spine trauma as well as dis- 
eases which provoke this malfunction. The authors 
deal not only with trauma, but also with how to 
differentiate it from other conditions including 
the normal. ’75, 328 pp., 292 il., $24.50 


HEALTH PROTECTION OF RADIATION 
WORKERS by W. Daggett Norwood, Hanford 
Environmental Health Foundation, Richland, 
Washington. Acute and chronic, somatic and 
genetic effects are discussed with emphasis on 
prevention. Radiation protection standards and 
regulations are outlined, and methods for main- 
taming these standards are described. Diagnosis 
and treatment of radiation injury from external 
radiation or internally deposited radionuclides 
are considered generally as well as specifically for 
each radioisotope. The medical supervision of 
radiation workers, radiation accidents, atomic 
power plants and medicolegal problems are also 
covered. ’75, 468 pp., 16 il., 16 tables, $27.50 


Orders with remittance sent, on approval, postpaid 


AN ATLAS OF POLYTOME PNEUMOGRAPHY 
by Taher El Gammal and Marshall B. Allen, Jr., 
both of Medical College of Georgia, Augusta. 
Assisted by Paul Dyken. This atlas presents a 
large number of studies which supplement the 
study of normal anatomy of the cerebrospinal 
fluid pathways, and provides comparison for the 
identification of abnormal structures. Concentra- 
tion is on the findings of polytome pneumog- 
raphy, but where possible, correlations are made 
with angiography, positive contrast ventriculog- 
raphy, and CAT examinations. Relative values of 
these different examinations are demonstrated. 
76, 480 pp. (8 1/2 x 11), 729 il., $39.50 


THE FUNDAMENTALS OF RADIOLOGICAL 
SCIENCE by John Hale, Hospital of the Univ. of 
Pennsylvania, Philadelphia. Training programs in 
radiology have recently been restructured in that 
the subject matter is now being divided into the 
two areas of basic radiological science and 
clinical applications. This text is devoted to the 
first area of basic radiology and the fundamentals 
of mathematics and physics common to all 
specialties. Chapters on such subjects as radia- 
tion-producing machines or interaction of radia- 
tion with matter are offered. With the rapidly 
evolving technology in clinical application, stu- 
dents should have an understanding of the basic 
principles of radiology found in this text. 74, 
356 pp., 172 il., 3 tables, $14.75 


BRONCHIAL CARCINOMA by Thomas W. 
Shields, Northwestern Univ. Medical School, 
Chicago. Section on Immunologic Features and 
Immunotherapy by Roy E. Ritts, Jr. In this 
monograph, the incidence and etiology of the 
disease are discussed and the pathologic, clinical 
and roentgenographic features of these tumors 
are presented. The various groups of patients are 
defined and a philosophy of their management is 
presented. Appropriate diagnostic studies are 
emphasized to classify the extent of the patient’s 
disease. The indications and contraindications of 
surgical resection, radiation therapy, chemother- 
apy and immunotherapy are outlined. ’74, 200 
pp., 48 il., 22 tables, $12.75 
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Rare Earth Imaging 

productis from Kodak: 
they offer greater technic 
and equipment flexibility. 


Kodak Ľanex regular screen and Kodak ortho G film let you 
make more efficient use of your exposure equipment. They 
providehigher speed—so you can shorten exposure time, or 
reduce kilovoltage, or decrease millia mperage. 


The advantage is speed—2 to 4 times that of 
calcium tungstate screens exposed with 
Kodak RP X:Omat film. Exposure time can be 
minimized, ħelping to cut the number of 
retakes. This. is a special advantage where 
motion is a problem -whether voluntary 

or involuntary. 

The benefit is flexibility. For one thing, you 
can vary technic to get the image you 
require. Forexample, you can use a smaller 
focal spot før improved image sharpness 
because the high speed lets you reduce 
milliamperage. 

Or you can reduce kilovoltage 

o provide increased subject con- 
rast in contrast studies or tomo- 
graphic examinations. 


Another benefit: when milliamperage is 
decreased, or kilovoltage is reduced, or ex- 
posure time is shortened, these products can 
helpyouget more use out of your equipment. 

That is, you can distribute your work load 
to utilize low-powered units or portable units. 

All of which can help extend your radio- 
graphic capabilities, aswell asthe efficiency 
of the equipment you now have. 

There's probably a lot more you want to 
know about rare earth imaging. Contact 
your Kodak Technical Sales Representative 
or your medical x-ray products dealer or... 

WRITE TODAY: Eastman Kodak Com- 

pany, Dept. 740, Rochester, NY 14650. 


A commitment to quality 








Your 
knowledge... 
the film of your 
choice and... 
HUNT X-RAY 


CHEMISTRY 
for maximum 


information in 
automatic 
film processing 


With broad years of experience in radiology, 
you recognize the importance of achieving 
more readable films. 

Hunt Chemistry will increase the diagnostic 
value of any film you process. Hunt formulas 
maximize informational content, producing the 
full range of densities inherent in the films. 

For medium to long scale contrast, Hunt 
Universal 90 Developer & Replenisher offers 
optimum results. If high contrast characteristics 
are desired, use Hunt Type 2 Premium 90/90 
Developer & Replenisher. 

Hunt chemical processing systems are 
respected for their consistent high quality. 
These concentrates come to your X-ray 




















its products on a direct 
systems. 
a er For more information, 


department full-strength and in “factory-fresh” 
containers. 
The basis, you can save up to 
33% over other major 
Photographic Industry Group call Hunt today. 
Philip A. Hunt Chemical Corporation, Palisades Park, N.J. 07650 


Because Hunt markets 
Image chemical manufacturers’ 
Philip A. Hunt Company (Canada) Ltd., Toronto 
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THIRD 
EDITION 


D PREMIUM 
90/90 


DEVELOPER & REPLENISHER 
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NIVERSAL 


DEVELOPER & REPLENISHER 
20 U.S Gallon Size 


PHILIP A. HUNT CHEMICAL 
Palisades Park, New Jersey 07650 » Made in U.S.A. 








Based on the highly 
successful Stratomatic H, the 
new system brings new 
dimensions to tomography. 








Now you can position patients easily The new system uses the same 

and quicxly throughout a 240° spectrum. magnification factor in all modes for 
Opening new techniques and new both tomography and Bucky radi- 
opportur ities for examination. ography. Film is always at the shortest 
Thelarge table top also features / iaa possible distance from the patient for 











a wide range of longitudinal // 
and transverse motions for fast, 
accurate patient centering. 
Strctomatic U features 
linear, circular and tn-spiral 
tomography. Electronic 
and mecnanicaladvances 
now reduce complex tomo- 
graphic motion times to three 
seconds or less. A50% improvement 
in exposure time over other currently 


optimum radiographic quality. And any 
size cassette from 5x 7" fo 

14x 17" can be used. 
Stratomatic Uisa 

completely remote system. 

Table side controls are 

duplicated at the generator 

to insure fast, accurate 

examinations with a minimum 
of radiation to your patient 
or medical team. 


available tomography systems. Stratomatic U. —A new dimen- 

The Stretomatic U also performs sion in tomography. Call or write your 
conventicnal radiography, stereoradi- CGR representative for complete details. 
ography and zonography. 





CGR MEDICAL CORPORATION 
2519 Wilkens Avenue 
Baltimore, Maryland 21223 
(301) 233-2300 

CGR CANADA Ltée-Ltd. 

500 Boulevard de l'Aéroparc 
Lachute, Québec, Canada 
(514) 562-8806 
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Breast Cancer: 
earlier warning system 


Futility and frustration beset the phy- 
sician confronted with breast cancer. 
For the last 35 years, the survival rate 
has not significantly changed despite 
intensive educational programs 
aimed at earlier detection, and im- 
provement in treatment techniques. 

Whatis the outlook? 
We know the key to re- mE 
ducing mortality from "wi 
breast cancerisinthe %, 
earliest possible diag- %1 
nosis. The stage at ; 
which breast cancer f 
is detected is crucial 
to the outcome of 
treatment. By the time 
a lump is discovered 
through BSE or clini- 
cal examination, criti- 
cal time may have 
been lost. 

And we do have 
the means to achieve 
earlier diagnosis. We 
do have an earlier ' 
warning system. 


rm. 
Thermography 


Mammography and thermog apiy 


can detect breast cancer before a 
lump is discernible by palpation. 
To demonstrate that it is prac- 
tical and feasible to detect breast 
cancer earlier by using these modal- 
ities, the American Cancer Society 
anå the National Cancer Institute are 


funding a network of breast cancer ® 


ammeter 
piece, | atten 
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demonstration projects. Supported by 
grants of $2-million from the ACS and 
$4-million from the NCI, 20 such cen- 
ters are expected to be operative 
across the country by the end of the 
year. Each will screen at no charge, 
et ci 9,000 women an- 

3 , ma nually, in what is 
considered to be the 
ideal detection pro- 
gram — to include 
clinical examination, 
mammography and 
thermography. Each 
| of these detection 
methods contributes 
- independently to the 
=" detection of breast 
wa Cancer, and none can 
d- be dispensed with in 
the search for early 
disease. 
| At present we can- 
og not prevent breast 
cancer, but the poten- 
tial for saving more 
aii lives is immense. The 
five-year survival rate changes dra- 
matically from 53% when axillary 
nodes are positive, to 85% when 
the disease is localized, to nearly 
100% for in-situ cancer. 

We have an earlier warning sys- 
tem. Let’s use it. 


american cancer society 


ANGINA 





Your Heart Association 
Can help Your patients and their families might have questions about the 


heart and blood vessel diseases. Your Heart Association has 
OU prepared a variety of pamphlets to assist you in answering their 
questions in simple non-technical language. 


v 
help your Produced under the guidance of leading cardiovascular spe- 
t] t cialists, these pamphlets deal with such subjects as heart attack, 
Da len S stroke, hypertension, rheumatic fever, congestive failure, inborn 
heart defects, varicose veins and other disorders. There are also 


pamphlets advising on risk factors related to heart attack. 


Booklets on therapeutic sodium-restricted or cholesterol-lower- 
ing diets are also available on a physician’s prescription only. 


Ask your local Heart Association for a catalogue listing all these 
free materials and order a supply. 


American Heart | 
Association \W 


Contributed by the Publisher 44 EAST 23rd ST., NEW YORK, N.Y. 10010 


- r = Now the Polytome— world’s mo 
= “NVulti-Directional sophisticated tomographic 
system — has its own snap-on 


a  Tomog raphy for examination chair for pneumo- 


encephalography. It’s never bee 
i fficient t 
2neumoencephalography iror moreetticient touse 
pneumo studies! 


a aA fully integ rated Isocentric patient positioning 


keeps the patient’s head in the 
Q T Í Í ; fulcrum for all projections. And 
SYS © : Polytome and chair are fully syn- 

chronizėd for proper filling of 

ventricles and temporal horns. 


“Selected patient positions and visualizations in a common pneumo procedure 


ERECT: LATERAL BROW-UP: LATERAL BROW-DOWN: PA 





Yedicated Pneumo Chair 


Compact, lightweight, easily and 
quickly attached, dismounted and 
stored in the Polytome room, the 
new chair gives you full use of all 
the Polytome’s capabilities: from 
linear to the famous hypocycloidal 
blurring motions. .. layer height 
adjustment. .. superb image qual- 
ity in every exposure...constant 
enlargement for every layer... 
optimum visibility of the patient 
throughout the examination. 


Add a Pneumo Chair to any new 
or existing Polytome for a dedi- 
cated neuroradiological system at 
a fraction of the cost. Detach the 
Chair and return the Polytome to 
its role as top department 
performer! 


Now let us ‘‘pull up a chair” and 
show you how it works. 


BROW-UP: AP* A STAGE IN FILLING THE TEMPORAL HORNS 


* After sequential filling For additional information, contact your Philips 
of temporal horns representative. Or, call or write: 


PHILIPS MEDICAL SYSTEMS, INC. 


710 Bridgeport Avenue, Shelton, Conn. 06484 








HERE Witi y THe GAMER" 


WITHOUT 
A COLLEGE EDUCATION? 


Still making Daguerreotypes, probably. 

Instead, photography is a billion-dollar business 
today. Because inquiring minds, trained and honed on 
college campuses, started looking into chemicals and 
film and lens. 

Life-saving pharmaceuticals. Hunger-fighting new 
rice and new wheat. Petrochemicals. Radio. Television. 
The list of billion dollar industries that got their start 
in college-trained minds is startling. 

You don’t want the flow of college-bred new ideas, 
improvements, inventions to stop. Ever. Not if you're a 
good businessman. 





budgets. 
For the sake of the future, “Give to the college of 








So perhaps you’d better take a good hard look at 
how much your company is giving to higher education. 
Because inflation has hit colleges and universities even 
harder than most. 

Freedom to experiment is the first casualty of tight 


your choice. Now.” Who knows what billion-dollar 
business of tomorrow is germinating on some college 
campus today. 
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al D 
Ck Council for Financial Aid to Education, Inc. 
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~ 680 Fifth Avenue, New York, N.Y. 10019 


A Public Service of This Magazine & 
The Advertising Council 








LIFESAVING 
PARTNERSHIP... 
AGAINST 
CANCER QUACKERY 





The anguish associated with country. Its services are widely 
cancer is compounded by the used. Hundreds of inquiries 
cancer quack. False hopes— | are received and answered 
harmful delays— shattering. from all segments of the com- 
expenses— deceptive diag- munity, from coast to coast. 
noses—loss of life—these are To trigger grass-roots ac- 


tion, we have formulated a 
model State Cancer Remedy 
Act designed to control the 
promotion and sale of 
unproven methods of cancer 
management. This has already 
inspired nine states to legis- 
late against cancer quackery 
—with active support from 

the medical communitv. Cop- 


hazards facing the cancer pa- 
tient desperate enough to 
seek a cancer quack. 

The problem: how to 
divert the patient from this 
tragic encounter. 

As medical guide, family 
counselor, trusted friend— 
you, doctor, play a major role 
in the fight against cancer 






















quackery. ies of the model act, as well 
We are here to “partner” as copies of the laws in effect, 
you. are available in our National 


and Division offices. 

In these actions aganst 
cancer quackery, as in all our 
efforts against cancer, ours is a 
lifesaving partnership. 


Our National Office main- 
tains an up-to-date central 
clearing house for materials 
on unproven methods of 
cancer diagnosis and treat- 
ment. This is a unique opera- . 


<a American 
tion and the principal source Cancer 
of such information in the Society % 
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CT/T fast-scanner: the third generation computed tomography 
system that’s versatile, efficient and consistent. 





CT/Tsystem: 4.8-second scans, 
consistently sharp images. 


The CT/T total body scanner has 
established the third generation of 
computed tomography: GE fast- 
scan. With this system, one 360° 
sweep yields the scan information 
for a full 320 pixel diameter image 
in just 4.8 seconds. 


This unprecedented speed solves 
the primary problem of slower units: 
motion unsharpness caused by 
patients’ respiratory motion. First 
and second generation systems, 
using an incremental rotate-and- 
translate principle, take from 18 
seconds to 5% minutes per scan. 
But the new GE fast-scan unit 
features a rotating pulsed fan beam 
with a 320 element xenon detector 
array. The tube and detectors 
rotate around the body in one, 
smooth 360° motion, taking only 
4.8 seconds. Most patients can 
comfortably hold their breath 


Advantages of GE xenon detectors 


After studying many different detector options for the 


rotating pulsed fan beam fast-scan system, GE 
researchers found high-pressure xenon offered 


numerous advantages over other types of detectors. 


360° CONTINUOUS SWEEP 








during the GE fast-scan procedure, 
with improved resulting image 
Quality. . 


The CT/T system offers many other 
diagnostic advantages. Here are 
just some of the key features: 


Versatile viewing capability. 
The viewing console allows precise 
selection of the range of CT 
numbers displayed. A special 
feature on the CT/T system is an 
IDENTIFY button, which causes the 
CT numbers at the center of the CT 
range to “blink.” This provides 
rapid identification of picture 
elements at a selected CT number 
without changing window widths. 


Photographic recording of selected 
images is provided by a multi- 
format camera which accommo- 
dates three standard film sizes. 


equivalent absorption (NEA) for the xenon detector is 


about sixty percent that of the best possible 
scintillator crystal/ photomultiplier tube combination. 


But the collimation efficiency possible with this 


system is superior to that of any other. Because of 


Here are some of the most important considerations: 


Necessary Characteristics. The multi-element xenon 
detector array possesses the most important 
requirements for a CT detector: reliability, complete 
response to x-radiation, and a wide linear dynamic 
range. Advanced fabricating techniques provide for 
reliable, consistent detector manufacturing. The 
detectors are operated in a stable range of voltage 
and pressure to ensure consistent performance. 
Unlike vacuum components, impurity contamination 
is not a problem, and the uniform high pressure of 
xenon gas within the detector chamber ensures that 
the response is uniform throughout the detector, and 
remains*so with time. The pulsed mode of operation 
provides sufficient time for complete response to the 
incoming x-ray photons. And, the response of the 
xenon detector is linear over the range of digitization 
used within the system. 


Overall Efficiency. The overall efficiency of the GE 
rotating fan beam x-ray source and detector system 
is a product of two main factors: the detection 
efficiency and the collimation efficiencv. The noise 


this, at least twice as many unscattered x-rays 
emerging from the patient actually reach the active 
area of the detector as in other systems. Also, because 
the scan is carried out through 360° rather than 180°, 
the reduction in skin dose required for the same 
integral dose is calculated to be a factor of about 1.6. 


Putting these three factors together (detection 
efficiency, collimation efficiency and 360° scan) 
provides an approximate 2X reduction in the 

skin dose requirement over those systems using a 
broad x-ray tube focal spot and scintillator crystal/ 
photomultiplier tube detectors. Thus the pulsed fan 
beam/multi-element xenon detector array provides 
the design option of keeping the dose low or 
increasing the dose to improve resolution. There is 
considerable latitude in changing the system mAs 
through changes in the pulse, the pulse mA, and the 
number of pulses. For the typical patient on the CT/T 
system, it is expected that the skin dose will be 
approximately 2-4R, although diagnostic quality 
images have been produced with skin doses 
substantially under 1R. 





Scan of lung area—Level setting is 0; window Abdominal scan—Level setting is +27; window 


setting is 200, ranging from +100 to —100. Soft setting is 160, ranging from —53 to +107. Scan 
tissue—muscle, heart and subcutaneous fat— shows lobulated liver; round tumor near liver; top 
is emphasized. of right kidney; displaced spleen. 


Simultaneous reconstruction and viewing. 
The display monitor in the viewing console is 
“refreshed” by a separate high-speed memory, to 
provide flicker-free images that may be viewed and 
manipulated without interrupting the computer's 
image reconstruction. This dual capability allows 
faster, more efficient diagnosis and speeds 

patient flow. 


Holds more than 200 images. 

The CT/T system’s main memory disc can hold 
more than 200 images, 320 pixels in diameter. 
High-speed random access capability of this disc 
permits image retrieval in a matter of seconds, 
compared to minutes for tape systems. All 
computer functions are directed from a 
“conversational” keyboard/CRT display to simplify 
operation. A magnetic tape system for archival 
storage is included with the system. 


If you'd like our new brochure with all the facts on 
the CT/T system, contact your GE representative 

or write GE Medical Systems, P.O. Box 414, 
Milwaukee, Wisconsin 53201. We want you to know 
A fast look: fast-scan CT/T system more about CT/T: the fast-scan total body system 
Scanning speeds—4.8 seconds and 9.6 seconds. backed by General Electric’s corporate commitment 
Image reconstruction time—200 seconds. to technology, product quality and service. 


Matrix dimensions — 320 pixel dia. matrix. Each oe ; 
pixel corresponds to a volume element General Electric Medical Systems, 


measuring 1.3mm x 1.3 mm x 10 mm. Milwaukee, Toronto, Madrid. 
Main disc storage — over 200 images. 


E 
Archiva! storage — magnetic tape unit is GE: lead the a 
standard with the system. a In W 
Multi-format camera — images may be z % " 
positioned an film in any order for diagnostic in dia nostic a 
convenience. Film sizes: 8 x 10;11x14;14x17. 
Gantry —60 cm opening; 42 cm field of view: x a l 
+15° gantry angulation; no water bag required. a 
X-ray tube — Maxiray™ 125. im Qin - 


Generator —3-phase MSI™ 850 II. 





GENERAL Q ELECTRIC 


Improving productivity is important to radiology departments. 
GE equipment can help make it happen. 


GE: committed to helping x-ray 
departments do more. 


The prime concern of any radiology department is 
serving patients. And the more efficient that 
service, the more everyone benefits. That’s why GE 
is committed to providing systems that help your 
x-ray department make optimum use of time, 
space, resources and personnel. Here are some 
examples: 


MMX system...optimum capability and 
efficiency for breast exams, with minimum 
patient apprehension. 


This dedicated, self-contained system offers a wide 
variety of tube angulations and compression 
positions for virtually any breast projection. Today, 








PFA 


Mediolateral view 





Supine mediolateral view 


in hundreds of hospitals, MMX ™ is delivering high 
quality images of the entire area of interest, using 
xeroradiography or mammography, including new 
fast screen/low dose film procedures. The 
technologist can perform exams quickly and 
confidently, assured of minimum retakes. 


Patient confidence is also increased, because the 
patient can maintain visual contact with the 
technologist throughout the exam. 


Quantamat™ automatic exposure control provides 
correct exposure, regardless of breast size or 
firmness. This control assures consistent image 
density from one exam to the next. Resulting image 
quality is excellent, from craniocaudad views to 
axillary and mediolateral. 


With this specialized system, any radiology room 
can become a dedicated breast examination area. 
Since no wall, ceiling or floor supports are needed, 
installation is fast and inexpensive. If departmental 
layout changes at a later date, the MMX system can 
be easily moved to a different room. 


If seeing is believing, here’s your opportunity to do 
so. Now, the ease and versatility of positioning and 
operating the MMX system are demonstrated ina 
new desk-top motion picture and related 
application guide. Featured are positioning 
directions, suggested technics, a critique of actual 
films and more. Ask your GE medical systems 
representative to arrange for a showing and a 
supply of application guides for your department. 
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Craniocaudad view 
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Televix remote control. system...technic 
versatility provides more image 
information; improves patient flow. 





Versatile, proven performance makes the Televix™ 
system the logical alternative to classical 
approaches. Any tableside R&F procedure can be 
handled by Televix remote control, with some very 
real advantages. 


Maximum image information—plus better image 
quality—result from the system's optimized 
geometry (43-inch SID). And, there’s greater 
convenience because of integrated multi- 
procedura! Capability...immediate changeover 
between fluoroscopy, Bucky radiography and true 
linear tomegraphy. This significantly improves 
patient flow and, in many hospitals, results in 
operational cost savings up to 25%. In addition, 
there's reduced radiation exposure to the 
radiologist, because of total remote control. And, 
fewer retakes, less total time per examination 
means less exposure to patients too...the result of 
sharp fluoro images and immediate recording of 
precisely what has been viewed, as well as 
Quantamat™ automatic exposure control that 
provides the desired density in every image. 


Televix system smoothly handles the full range of 
morning G! studies, including longitudinal oblique 
angle fluoroscopy in any scanning position, with 
105 mm photospotting that can record up to 10 
images per second, plus Bucky radiography. Then, 
in the afternoon, Televix takes on the department's 
high volume of radiographic and tomographic 
procedures. 










Blue Max screens... 
precise image quality 
and reduced radiation 
without drastic changes 
in equipment er technic. 









GE Blue Max™ screens pro- 
vide maximum image qual- 
ity and diagnostic data at 
much lower radiation levels 
than standard screens. Blue Max 1 and 2 inten- 
sifying screens feature GE-developed lanthanum 
oxybromide phosphors which absorb twice the 
x-rays, Compared to standard calcium tungstate 
screens. Thus, Blue Max screens deliver the 
same image quality at half the mAs. This allows 
shorter exposure times, reducing motion 
unsharpness. Standard cassettes and any blue- 
sensitive film can be used. Blue Max screens are 
blue-emitting, so they require no unusual dark- 
room lighting or special processing techniques. 
BLUE MAX 1 Screen Speed 
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60 kVp 80 kVp 100kVp or 120kVp 
Extremity Skull Spine Colon 
8cm 18cm 40cm 18cm 


TECHNIC 
BLUE MAX 2 Screen Speed 







Ww 
x 


N 
x< 





SCREEN SPEED 
Relative to Du Pont Hi-Pius 





a 
x 







60 kVp 80 kVp 100kVp Ər 120kVp 
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8cm 18cm 402m 18cm 
TECHNIC 


Blue Max screens’ consistent 2x speed over 
the diagnostic kVp range makes modification 
of technic charts simple. 









General Electric has many other time-saving, cost- 
saving systems to improve radiology productivity. 
Find out how these systems can help your x-ray 
department do more. Talk to your GE representative. 
General Electric Medical Systems 

Milwaukee, Toronto, Madrid 


GE: leading the way 
in diagnostic - 
imaging. 

GENERAL Q ELECTRIC 








Computed tomography from GE that combines image quality 
with ease of operation and patient-handling. 


CT/N system: dedicated 
neurological scanning 


at moderate cost. 


The CT/N system by General Electric provides 
quality images at moderate cost for institutions 
where the neurological case load justifies a 
dedicated head scanner. This GE computed 
tomography unit uses a pencil beam rectilinear 
scanning principle to accomplish 180° scans over 
a 24cm field. Since the anatomy is adequately 
immobilized during the procedure, image quality 
is high. 


Efficient patient handling. The CT/N system 
allows convenient and precise patient positioning 
with a programmed two-way top. The table moves 
exact pre-selected distances between scans, 
minimizing patient handling. The angulating 
scanning gantry assembly facilitates proper plane 
alignment while comfortable patient head position 
is maintained; an especially important point 

with children. 


Quick, easy image manipulation and recall. 
A window width control chooses the range of CT 
numbers (measure, 8, 16, 32, 64, 128 and 256); and 
a window level control sets the center of the range, 
between +512 and —512. CT/N system features 
Individual Patient Discs which store up to 8 images 
for permanent records. These scans can be 
displayed and manipulated at the console or at an 
optional independent viewing unit at any time. 





Like all GE medical equipment, the CT/N system 
is backed by General Electric’s corporate 
commitment to quality and service. If you'd like 
more details on how the CT/N system can give 
your institution dedicated neuro scanning at a 
realistic price, contact your GE representative. 


General Electric Medical Systems, Milwaukee, 
Toronto, Madrid. 


GE: leading the way 
in diagnostic 
imaging. _ 
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Keep it up. 


To the thousands of employers who 
have signed the Statement of Sup- 
port for the Guard and Reserve, our 
sincere thanks. To those who haven't, 
please think it over. It’s one of the 
best investments you can make. And 
a commitment to your own con- 
science. 

A strong Guard and Reserve is an 
absolute must for America. Perhaps 
more so now than at anytime in our 
histony. Today, this vital volunteer 
force represents almost 30% of our 





total military personnel needs—at a 
cost of only 5% of our entire defense 
budget. 

You, as an employer, can help 
keep the Guard and Reserve trained 
and ready. This means a// employers 
—the large, small, and those in be- 
tween. Everyone who knows and val- 
ues the freedom we live in. 

Your signature on the Statement 
of Support is a pledge to back your 
employees who serve in the Guard 
and Reserve. It’s an assurance that 


A Public Serviceof This Magazine & The Advertising Council 








a couple of weeks on military duty 
won't limit their job opportunities. 
And for you, it means more produc- 
tive, more responsible employees. 
Because in the Guard and Reserve 
they'll sharpen acquired skills and 
learn new ones, develop a real sense 
of leadership, add to their earnings 
and retirement benefits. 

To receive your Statement of Sup- 
port, or more information, write: . 
EMPLOYER SUPPORT, Arlington, 
VA 22202. 


a Ge 


EMPLOYER SUPPORT OF 
THE GUARD & RESERVE 





“The Clinac oX 


A breakthrough in its oWn»right.as tHe first straight-through-beam 
rotational 6MV therapy machine, the Clinac.6X is winning immediate 
acceptance by clinicians. The reasons are clear—superb 6MV X-ray 
beam characteristics, proven reliable performance, low initial cost and 
excellent operational economy. 


+. These unequalled benefits are possible because the Clinac 6X 

__ Incorporates.all the advanced human engineering features and 

major electronic sub-systems.of the widely | 
acclaimed Clinac 4. More than six Years... 

of clinical experience and engineering , 

refinements are built into the new i Maddy? | 

Clinac 6X right from the beginning. 


See for yourself why the Clinac 6X is 
a solid success. Call or write Varian 
Radiation Division, 611 Hansen Way, . 
Palo Alto, CA 94303. Tel: 415- F 
493-4000. Worldwide sales a A, 


and service. 
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redi-FLOW puts convenience on tap- 
with four studies from one source. 


and economical to use in all gastro- 


Now-—a presuspended, prehydrated barium preparation that’s easy 
intestinal radiological studies: 


esophageal upper G.I. routine enema air contrast enema 


Time-saving redi-Flow is flavored, concentrated, prehydrated, autoclaved, and homogenized. 


Ready to use—with simple dilution directions for each type of study (no blender needed). 


Produces consistent, uniform coating in all r 
excellent readings in post-evacuation films. 


adiological examinations, including 


Available in individual 16 fl. oz. cans; for added thrift, a plastic top is included to su 
facilitate refrigeration for later use. u PURPOSE SUSPEND = 
edi-FLOW, 7 


SARUM SULFATE 1008 W? 





All-purpose Suspension redi-Flow (barium sulfate 100% W/V). 


Simplifying without compromising 
FLOW PHARMACEUTICALS, INC. 
Palo Alto, CA. 94303 
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